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^IXMIMtu fo>^''^^o^ ycv of the Independeiiee of the United States 
2 RVAf X of America, James M'Intire, of the said district, hiU depo- 
Ttitttiitt fc? '*^^ ^^ ^^^ office, the title of a book, the right whereof 
«fffffffff i^g claims as author, in the words following, to wit;^ 
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a suitable Tarietjr of examples* Iles%ned for th« use of Schools and Acade- 
mies. By James M'lntire.** 
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Baltimore, Jan. U, 1899. 
Beab Sib, 

I have glaneed over the sheets of yoar tiev Treatise on the 

iJso of the Globes^ and am free to declare, that 1 thfaik it the best 

suited to the use of Schools and Academies Of any I have seen. H 

appears' brief without defect, and copious without redundance. If 

toy recommendation be of any worth, it b heartily at your ser* 

▼ice. 

JAMES GRAYED. D. 

-Mb. James MIbtibb. 

JBaUimore, J<m* 13, 1823. 

8lB, 

I have examine with pleasure and interest, your Treatise oa 
the Use of the Globes, and am of opinion, th^t, by confining your, 
self to such matter as immediately concerns that subject, and omit- 
ing to treat like some other writers on this subject, of Astronomy, 
^Natural Philosophy, and things extraneous thereto, your Treatise 
is more concise, cheap, and better adapted for the use' of schools* 
Hoping that you may meet witli that recompense, which your use- 
ful labours appear to merit, 

lam^ 
Tour friend and obedient serTant, 

JOHN ALLEN, 
Prof, of Math, in ihi UmvertUy ofMarylandk. 
Mb. JiJun M*IxTiBB. 
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ir RECOMMENDATIONS. 

Baltimore f Jan. IS, ISfS. 
DBAS Sib, 

Upon a careful peroial of your new Treatise on the Use 
of the Globes, I think that it is better suited for the mstmotion 
of youth in that useful and interesting subject, than any other 
that has come under my inspection. You hare been peculiarly 
concise in the language of your definitions, and without renderings 
them less obscure, you haye obTiated the difficulty that young he^ 
ginners generally meet in studying more yolnminous treatisef. 
Your selection of problems is well adapted to inspire youth with a 
proper taste for pursuing the study of Astronomy, in its most ex- 
tended formi and as you haTe inserted nothrag but what is really 
connected with the use of the Globes, I think your book will be 
more portable, and useful, and studied with more pleasure and 
delight than any heretofore published on the same subject. 

Dear Sir, wishing you eyery success in your, nndertakiug, I 
tenuun with the greatest respect^ your sincere friend. 

OWEN REYNOLDS, 
Prof. Math. Mabimort College. 

Mb. JaXXS M<l5TIBB. 



— JSaltimore, Jan, 15, 1823. 

Sib, ' 

I haye examined your new Treatise on the Use of the Globes, 
and am much pleased with it. The books that I haye seen on 
this subject are, for the most part either filled up with matter 
which has no immediate connection with the main subject, and 
thereby their price is increased, or they are too concise, and 
consequently unfit for giving a sufficient knowledge of the sub- 
ject. Your Treatise lies between these extremes, the problems 
are well chosen, the rules dear and Concise, and the examples 
appropriate. Upon the M-bole, I think it the best school book of 
the kind with which 1 am acquainted. 

JAMES JOHNSTON, 

Teacher of Math. Battimore. 
Mb. Jambs M'Ihtibb. 
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Thb general extension of navigation and commerce 
•Ter our globe, the numerous voyages of discover^ 
which have characterized the last century and the 
present, the number 6f travellers who have traversed 
the earth in all directions in pursuit of philosophical 
and political knowledge, the multiplying labours of 
christian missionaries, the restlessness of inflamed 
curiosity, and even the wars» InvaaiotiB, and revolu- 
tions *of our eventful age, have all co-operated to 
bring the differetit tribes of the human family ac- 
quainted with each other, and in a certain degree 
have united them all into one society. The learned 
men of this age, are better acquainted with the whole 
of our globe, than their predecessors a few centuries 
back were with their respective native countries. 

Hence it has been found necessary to enlarge the 
system of school -education, and to allow a liberal 
space to the subject of physical , political and reli* 
l^ous geography* We have been led into this course 
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not merely by tlie desire of gratifying a liberal curi- 
osity, but by the necessity of qualifying men for the 
dischai^ of the various duties of life. The philoso- 
pher, the theologian, the physician, tiie politician ^ 
the merchant, are all at present obliged to collect the 
materials of sound conclusions from every quarter of 
the globe. Even well educated females are expected 
to have added a competent shar« of geograf^cal 
knowledge to the other accomplishments of their sex. 

Therefore in all our schools, male and female, geo* 
graphy is becoming a favourite study. It need not be 
remarked that an acquaintance with the use of the 
globes is essential to the knowledge of geography; 
but we may be allowed to say. that it has the addition- 
al advantage of opening to youthful minds a view of 
the beautiful visions of planetary motion, and of the 
other charms of astronomy; which never fail to in- 
spire rapturous feelings of delist, and to create a- 
i;enuine taste for the beauties and sublimities of na- 
ture. 

A treatise on the use of the globes calculated for 
Ihe use of schools seems to be wanted. The small 
•ompends which are commonly met with, are too 
fmerile and trifling, and in every view incompetent to 
the attainment of their object. The works of Keith 
and Wallace on the globes ere masterly productions^ 
beyond all praise; but they are manifestly better suit- 
ed for the higher classes of learners than for begin- 
ners. They pursue astroni^mical studies beyond the 
capacitits of youth in general^ and the systeais c£ 
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mataral philosophj which they have introduced^ are 
still more objectional, as they have no immediate con- 
nexion with the main subject. They are excellent 
books but not exactly that sort of books which were 
most generally wanted, as no teacher will ever think 
of carrying a class unacquainted with the rudiments 
of mathematics, (with any degree of satisfaction to 
himself,) through them. 

The design* of the author in the present effort, it 
to produce a work on the use of the globes suited to 
the exigencies of school instruction; to supply on the 
one hand the defects of the smaller compends, and 
on the other to ccmvef to the pupil a comprehensive 
knowledge of the subject without introducing the su- 
perfluous matter and details with which the largei^ 
works abound. With what degree of judgment this at- 
tempt has been made the public will determine, against 
whose judgment there is no appeal; but it is hoped 
that they will receive with indulgence a well meant 
attempt to simplify the system of education, and thui 
promote the diffusion of useful knowledge. 

Wenhowih Academy, 
^BaKmon, Jan. im* 
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DEFINITIONS. 

1* JHB Terrestrial Globe is an artificial repre- 
sentation of the eiurth; having the four quarters of 
the world, the different empires, kingdoms, countries, 
and states; the several oceans, seas, and principal 
rivers; the chief cities, towns, &c. trul^r delineated 
on its surface, according to their relative situation 
on the earth. 

2. The Celestial Globe is an artificial representa- 
tion of the heavens; having the fixed stars laid down 
on its surface, according to their natural order in the 
heavens. The student must suppose himself placed 
in the centre of this globe, and viewing the stars in 
the concave surface. 

3. The Jlxis of the Earth is an imaginary line 
passing throueh its centre, on which it revolves; and 
IS represented by the wire that passes through ihe 
centre of the artificial globe from north to south. 

4. The Poles of the Earth are those two pointSj 
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14 DEFINITtONS. 

where the axis is supposed to cut its surface; the one 
is called the north, or arctic pole; and the other ihe 
south, or Antarctic pole. The celestial poles are two 
imaginary points in the heayehs ^xacUj above the 
poles of the earth. 

^5. GreatCircles divide the gldbe into two equal 
parts. 

6. ShncUl Circles divide the globe into two unequal 
parts. , 

7. The Brass Meridiem is a great circle which di- 
vides the globe into the eastern and western hemis- 
pheres, and in which the globe revolves. It is di- 
vided into 360 equal parts, called degrees.* The 
degrees in the upper semicircle of the brass meri- 
dian, are numbered from the equator towards the 

goles; and those in the lower semicircle, are num- 
ered from the poles towards the equator. 

8. Meridians are semicircles cutting the equator 
at i-ight angles, and extending from pole to pole. 
Every place on the globe is supposed to have a me- 
ridian passing through it. When the sun comes to 
the meridian of any place, (not within the polar cir- 
cles,) it is neon at that place. 

9. The First Meridian is that from which the lon- 
gitudes of places begin to be reckoned, and passes 
through some noted place. In English globes, the 
first meridian is supposed to pass through London, 
or the Royal Observatory at Greenwich. 

10. The EqwUor is a great circle of the earth, 
situated at an equal distance from the poles, and 
dividing the globe into two hemispheres, the northern 
and southern. The equator, when referred to the 
heavens, is called the ec^uinoctial, because when the 



• The circumference of eveiy circle is supposed to be oivided 
into 360 equHl parts, Chlled «lep;ree8; eacli <J*'git;e into 60 equal 
parts, called minutes; €ach luinute kitu 60 equal itarls, called 
seconds} and sq on. 
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sun comes to it, the days and nights are eifual all 
over the world. 

1 1. The Ecliptic is the path which the earth des- 
cribes in revolving round tne sun; or it is that appa- 
rent circle, which the sun describes bj his annual 
progress in the heavens. The ecliptic cuts the 
equator in an angle of 23* 28'; the points of inter- 
section are called the equinoctial points. 

12. The Zodiac is a zone or belt, which extends 
about 8 degrees on ^each side of the ecliptic on the 
celestial globe, and contains the orbits of all the 
planets.* 

13. Signs of the Ediptic. The ecliptic and zodiac 
are divided into 12 equal parts, called signs, each 
containing 30 degrees. The names and characters 
of the signs, with the days on which the sun enters 
them, are as follows. 



Northern Signs, 

^"1 <Y> Aries, the Bam, 20th of March, 
.sly Taurus, the Bull, 19th of April. ^ 
i« J n Gemini, J/ie Twins, 20th of May. 

g 1 25 Cancer, the Crab, 21st of Jun6. 

I I SI Leo,' the Lion, 22nd of July. 

5 J 1% Virgo, the Virgin, 22ud of August. 

Southern Signs. 

a 1 zOi Libra, the Balance, 23d of September. 
I > wi, Scorpio, the Scorpion, 23d of October. 
5 J t Sagittarius, the Archer, 22d of November. 

g "J y$ Capricornus, the Goal, 21st of December. 
I I CW* Aquarius, the Water-hearer, 20th January. 
^ J X Pisces, the Fishes, 19th of February. 



* Except the new planets, or AsteroidB, Ceres and Pallas. 

V 



16 DEFINITIONS. 

14. The Horizon is a great circle, separating t&e 
visible half of the heavens from the invisible; and 
when referred to the earth, it is distinguished by the 
sensible, or visible and rational horizon. 

15. The Semible, or Visible Horizon, is that cir- 
cle which terminates our view in a clear day, where 
the earth, or sea, and the sky seem to meet. 

16. The Baiional, or True Horizon, is a plane 
supposed to pass through the centre of the earth, 
parallel to the visible horizon. 

17. The Wooden Horizon, which circumscribes 
the artificial globe, is a repi^esentation of the ra- 
tional horizon.. It is dividea into. several concentric 
circles. On Gary's globes these circles are arranged 
as follows. 

'The first circle is divided into degrees, and is 
numbered from to 90 degrees, from the east to- 
wards the north and south, and in the same manner 
from the west towards the north and south. 
♦ The second circle contains the 33 points of the 
compass. 

The third circle contains the 12 signs of the zo- 
diac, with the figure and character of each sign. 

The fourth circle contains the degrees of the 
signs, each sign comprehending SO degrees. 

The fifth circle contains the days of the month, 
answering to each degree of the sun's place in the 
ecliptic. 

The sixth circle contains the 15 calendar months 
of the year.* 

18. The Tropica are two small circles, each pa- 



* On Bardin's new British Globes, there is a circle contakung 
the equation of time. When tlie chick ought to be faster than 
apparent time, the number of nii!iiiLes showing the difference, i% 
marked by the sign -I-; and whcik the clock ought to be slowex» 
the number of minutes expressing the difference, is marked btj 
the sign — . 
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TtAM to the equator, and at the distanee of £S^ 28' 
fromit. The northera is called the tropic of Caiicer, 
and the s^uthen^, the tropic of Capricorn. C ; 

19. The Polar Circles are two Bihall circles, pa- 
rallel to the equator^ and at th« distance of 2^^ 28' 
from .each pole^ The Northern is called the arctic^ 
and the southern the antarctic circle. 

20. ParoHds of LdJtitude are sihall circles para- 
lel to the equator. Every place on the globe is sup- 
posed to have a parallel or latitui^ drawn through 
it, thouffh they are only drawn through every 10 de- 
grees of latitude on the terrestrial globe. 

21. The H&ur Circle is a timaU circle of brass 
iixed to ikt north pale, and divided into 24 equal 
parts, correspondent to the hours of the day; each 
part is again subdivided into halves and quarters. ^ 

22. The Marirher*8 O^jimss is a representation of 
the horizon, and ct^nsists of a circular card, divided 
into 32 points, each containing 11^ "l^'* which is 
^aced on 'a magnetical needle, that always points 
towards the north. By means of, tt^A manner's 
compass, ships at sea are directed i^^eir course, 
and the bearing of distant objects ascej^f&ined. 

23. Hie Variation of the Compass i^Sife deviation 
of Hie needle's point from the true north point of the 
horizoui and is either east or west. 

24. The Quadrant of Altitude is a thin slip of 
brass, divided on one eage from upwards to 90 de- 
grees, and from downwards to 18 degrees, corres- 
ponding to as many degrees on the equator. The 
quadrant of altitude, when used, is generally screwed 
on ^ brass meridian. 

25. The Cardinal Points of the Horizon are east, 
wes% north, and south 

26. The Cardinal Points in the Heavens are the 
zenith and the nadir. 

27.' llie Cardind Points- of the Ecliptic are the 
equinoctial and solstitial points. 

2* 



18 MlPiNlTlONS. 

S8. The Zenith is an imaginary point in the hea- 
▼ens exactly over our heads^ 

£9. The Nadir is an imaginary point in the hea*- 
vens exactly under our fe^t. 

30. The Pole ef a Cheat Circle is a point on the 
surface of the globe, equidistant from every part of 
that circle of which it is a .pole^ Every great circle 
has twopoles diametrically opposite to each other. 

31. The Equinoctial Points are Aries and Libra, | 
where the ei^uinoctiaA is cut by the ecliptic. The ' 
point Aries i^r Called the vernal equinox, and the i 
point Libra the autumoal equinox..^ * ' 

32. The SolalitiH^ Points are Cancer and Capri- 
corn.. When the sun enters these points, his decli- 
nation is the gresttest possible. 

33. The Declination of the Sun, a Stofy or Planet, 
is its distance frpm tl^ equinoctial, northward or 
southward. When the sun enters the sisns Aries 
and Libra, he has no declination, beine then in the 
equinoctial. The greatest declination which the sun 
can have, is 23^ 28', and that of a star 90°, north 
or south. ' . - -■ 

34. The Latitude of Place is its distance in de- 

frees from the equator, reckoned on the brass meri- 
ian towards the north or south pole. The greatest 
latitude that a place can have, is 90 degrees. 

35. The Latitude of a Star or Planet on the ce- 
lestial globe, is its distance in degrees from the eclip- 
tic, reckoned on the quadrant of altitude towards 

•the north or south pole of the ecliptic. The sun 
being always in the ecliptic, has no latitude. 

36. The Longitude of a Place is the distance of 
its meridian from the first meridian, reckoned in 
degrees on the equator, and is either east or west. 
The greatest longitude that a place can have, is 180 
degrees. 

37. The Longitude of a Star or Planet is reckon- 
ed on the ecliptic from the point Aries, eastward^ 
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round the celestial globe. The loneitude of the sun 
is what is called hi^ place in the ecuptic. .^^ 

38. The Difference of Latitude between two 
placed, is an arc of p. meridian contained between 
the parallels of latitude of the two places, and can- 
not exceed 180 degrees. 

39. The Difference of Longitude between two 
places, is an arc of the equator intercepted between 
the meridians of the two places, and cannot exceed 
180 de^ees. 

40. ParcdleU of Celestial Latitttde are small circles 
on the celestial globe, parallel to the elliptic. 

41. The CoSires are two great circles passing 
through the poles of the celestial ^lobe; one oi which 
passes through the equinoctial points, and the other 
through the solstitial points; hence thej are called 
the equinoctial and solstitial colures. 

42. Azimuth, or Vertical Cirdea, are great circles 
supposed to pass through the zenith and the nadir, 
cutting the horizon at right angles. 

43. The Altitude of any object in the heavens, 
is an arc of a vertical circle, contained between the 
centre of the object and the horizon. When the ob- 
ject is on the meridian, its altitude is called the me- 
ridian altitude. 

44. The Azimuth of any object in the heavens, 
is an arc of the horizon, contained between a verti* 
cal circle passing through the centre of the object, 
and the north or south point of the horizon. 

45. The Amplitude of any celestial object, is an 
arc of the horizon, contained between the centre of 
the object when rising or setting, and the east or 
west point of the horizon. 

46. The Zenith Distance of any celestial object, 
is what its altitude wants of 90 degrees. 

47. The Polar Distance of any celestial object, 
is what the declination of the oDJect wants of 90 
degrees. ( 
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48« Hsur 6irid»$, being the same as mieridiaiis, 
are drawn through every 15 d^ees of the equatiHr, 
each answerins to an hour. 

49. The Cmnmaiion of a star or planet A star 
or planet is said to culminate, when it comes to the 
meridian of the place; its altitude at that place being 
then the greatest. 

50' Jtpparfint Noon at any ]^ace, is the time whei& 
the sun ieomes to the meridian of that place. 

51. True or Mean Noon is 12 o'clock, shown by 
a well regulated clock. 

52. The Equation tf 7\me is the difference of 
time between true and apparent noon. 

53. A True JSolar Day i« the time elapsed from 
the sun's leaving the meridian of any place, on any 
day, till he returns to the same meridian on the next 
day. On account of the obliquity of the ecliptic, and 
the irregular nu>iion of the earth in its orbit, the 
true solar day sometimes exceeds, and at other limes 
falls short, of 24 hours. 

54. A Mean Soiar Bay consists of 24 hours, and 
is measured by a regular clock or timepiece. There 
are in the course of the year, as many mean solar 
days as there are true solar days. 

55. An Astronomical Day consists of 24 hours, 
and is reckoned from noon to noon; being the same 
in all latitudes. 

56. The CivU or Natural Day t^muBis of 24 hours, 
but begins differently in different nations. In most 
of the European nations, and in America, the civil 
day b^ns at midnieht 

57. A Siderial Day is the time which ^e earth 
takes to revolve once on its axis, and consists of 23 
hours, 56 minutes, and 4 seconds. 

58. An Artificial Day is the time which elapses 
between the sun's rising and setting, and varies in 
different latitudes. 

59. A Dropical Fear is the time which elapses be- 
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tween the sun's leaving one tropic or equinox, till 
he returns to it again; and consists of 365 days, 5 
hours, 48 minutes> and 49 seconds. 

60. A iSiderial Fear is the time which elapses be- 
tween- the sun's leaving any fixed star, till he returns 
to the same star again, and consists of 365 days, 6 
hours, 9 minutes, IS seconds; being 20 minutes, 23 
seconds longer than the tropical year; hence, the sun 
returns to me equinox every year, before he returns 
to the same point in the heavens; and consequently, 
the equinoctial points have a slow motion from east 
to west, called tne precession of the equinoxes.* 

61. Positions of the Sphere are three, right, paral- 
lel, and oblique. 

62. A Bight Sphere is that position of the earth, 
where the equator passes through the zenith and the 
nadir, and cuts the horizon at right angles. The 
inhabitants who have a right sphere, live at the 
equator. 

63. A Parallel Sphere is that position of the earth« 
where the equator coincides wim the rational* hori- 
zon, the poles being in the zenith and the nadir, and 
all the parallels of latitude parallel to the horizon. 
The inhabitants who have a parallel sphere, (if there 
be any,) live at the poles. 

64. An Oblique Sphere is that position of the 
earth, where the equator cuts the rational horizon 
obliquely. All inhabitants of the earth have an ob- 
lique sphere, except those who live at the equator 
and at the poles. 

65, A Zone is a portion of the surface of the earth, 
bounded by two small circles parallel to the equator. 
There are five zones, viz. one torrid, two temperate, 
and two fiigid zones. 



* This retrograde motion of tKc cquiuoetial points, is found to b« 
aboat 50^ secouds of a degix>e in a vear. 
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66. The Tbrnrf Zone extends from the tropic of 
Cancer to the tropic of Capricorn, being 46'* 56' 
broad. 

67. The TSvo Temperate Zones are each 43° 4' • » 
broad. The north tempei^te zone extends from, the ^ 
tropic of Cancer to the arctic circle, and the south 
temperate zone, from- the tropii^ of Capricorn to the 
antarctic circle. 

68. The Two Frigid Zones are those portions of the 
earth's surface bounded by the polar circles. The 
north poJe which is 23° 9,W from the arctic circle, is 
situated in the centre of the north frigid zone; and 
the south pole which' is 23° 28' from the antarctic 
circle, is situated in the ceiitre of the south frigid 
zone. 

69. Climate is a small portion of the. surface of 
the earth bounded hj two small circles parallel to 
^e equator, and is ox such a breadth, that the length 
of the longest day in the parallel nearest the pole, 
exceeds the length of the longest day in the parallel 
next the equator, by half ian hour, in the torrid and 
temperate zones, and by one month in the frigid 
zones. Hence, there ^e 24 climates between th« 
equator and each polar circle, and 6 between each 
polar circle and its pole. 

70. Antced are those people who live undef the 
same meridian, and in the same degrees of latitude, 
but the one north and the other south latitude. They 
have contrary seasons of the year. 

71. Ferceci are those who live in the same paral? 
lei of latitude, but in opposite longitudes. They 
have the same seasons oi the year, but when it is 
noon with the one, it is midnight with the other. 

72. Antipodes are those inhabitants who walk feet 
to feet, or diametrically opposite to each other; 
having their latitudes, longitudes, seasons of the 
year, days, and nights, all contrary to each other. 

73. The Bight Ascension of the sun, or a star, is 
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that degree of the equinoctial, which rises with the 
sun, or star, in a right sphere, and is reckoned from 
the point Aries eastward round the globe. 

74 The Oblique Ascension of the sun, or a star, 
is that degree of the equinoctial, which rises with 
the sun, or star, in an oblique sphere, and is reckoned 
from the point Aries eastward round the globe. 

75, The Oblique Descension of the sun, or a star, 
is that degree of the equinoctial, which sets with the 
sun, or s&r, in an oblique sphere, and is also rec- 

, koned from the point Aries round the elobe. 

76, The Ascensional, or Bescensi mu Difference, is 
the difference between the 'right and oblique ascen- 
sion, or between the ri^t ana oblique descension. 

77» Twilight is that Taint light which we perceive 
for some tinvB before the sun rises, and after he sets. 
Twilight is said to be^n in the morning, or it is 
daybreak, when the sun is within 18 degrees of the 
horizon; and it is said to end in the evening, when 
the sun is 18 degrees below the horizon. 

78. The Angle of Position between two places on 
the ^lobe, is an angle formed at the zenith of one 
of the places, by the meridian of that place, and a 
vertical circle passing through the other. It is mea- 
sured on the horizon from the elevated pole towards 
the vertical circle. ^ 

, 79* Rhumb Lim§ are the lines drawn from the 
" centre of the compass to the 32 points of the hori- 
zon. They are supposed, to be drawn upon the 
eiu'tli, so as to cut each meridian at the same angle. 

80. The Achronycal /Using and Setting qf the 
Stars. When a s^r rises at sun -setting, or 8ets# 
with tlie sun^ it is said to rise and set achrony- 
cally 

81. The Cosmical Rising and Setting of the Stars. 
When a §tar rises with tlie sun, or sets wnen the sun 
rises, it is said to rise and set cosmically. 

^2p HeHasal Rising and Setting of the Stars. 



^'^ 
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When a star first becomes visible in the morning, 
after having been so near the sun as to be hid by the 
- splendour of his rays, or when it first becomes in- 
visible rn the evening, on account of its nearness to 
the sun, it is said to rise and set heliacally. 

83. A Constellation is a collection of stars on the 
the celestial globe, circumscribed by the outlines of 
€ome assumed animal or figure, and serves to direct 
a person to any part of the heavens where a particu- 
lar star is situated. 

84. Planets are opaque bodies like our earth, 
moving round the sun, and shining by the reflection 

^ of his light. They are distinguished into primary 
and secondary. 

85. The Primary Planets move round the sun as^ 
their centre of motion. There are seven* primary 
planets, viz. Mercury, Venus, the E^rth, Mars, Ju" 
piter, Saturn, and the Georgium Sidus. n 

86. The Secondary Planets, Satellites^ or Moons, 
move round the primary planets as their centre of 
motion. There are 18 secondary planets; the Earth 
has one, Jupiter four, Saturn seven, and the Geor- 
gium Sidus six. 

87 The Orbit of a Planet is that imaginary path, 
which it describes .round the sun. 

88. Nodes are the two opposite points in the eclip- 
tic, where the orbit of a planet ftppears to iBtersect 
it That node from whicn the planet ascends north- 
ward from the ecliptic, is called the ascending node; 
and the other from which the planet descends south- 
ward, from the ecliptic, is called the descending 
node« 



• Four new primary planets have been diseovered since the 
\ear 1800; a brief deseriptioo of which i»ill befoaod under <ft« 
head Solar System, 
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89. Disc. The apparently flat and circular faces 
of the sun and moon, are catled their discs. 

90. Geocentric Latitudes and Longitudes of the 
Planets, are their latitudes and longitudes ^ seen 
from the earth. 

91. Eecentriciiy of the orbit of any planet, is the 
distance between the centre of the planet's orbit and 
the sun. 

92. Transit is the apparent passage of any planet 
over the sun's disc, or over the disc of another 
planet. 

93. Diurnal Arc of the Sun^ Moon, or a Star, is 
that apparent arc which it jdescribes in the heavens^ 
from its rising to its setting. 

94. Nocturnal Arc of the Sun, Moon, or a Star, is 
the arc which it describes from its setting to its 
rising. 



THE SOLAR SYSTEM. 



The solar system regards the sun as the centre 
of the universe, with all the planets revolving round 
him in elliptical orbit9, at dinerent distances, and in 
different periods of time. Those planets which are 
near the sun, move faster in their orbits, and .per- 
form their circuits sooner, than those more remote 
from him. This system is also called the Copemi- 
can system, on account of its famous founder, Nico- 
laus Copernicus; and it has latterly been demon- 
strated by Sir Isaac Newton in so satisfactory a 
manner, as to silence all the objections which can be 
made against it. 



I. OF THE SUN—©. 

The Sun, the fountain of light and heat of the 
whole system, is situated near the common centre^ 
or in one of the focuses, of the orbits of all the 
planets, and from the motion of spots on his surface 
it is determined, that he revolves on his axis in 25 
days, 14 hours, 8 minutes. The'se spots first appear 
_oii the eastern edge, and then graoually come for- 
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ward towards the inid4Ie, and so pass on towards 
th^ western edge, and then disappear. The sun is 
a^tated by a small motion round the centre of gra- 
vity of the solar system, which is produced by the . 
various attractions of the circumvolving planets. 

The sun's apparent diameter is longer in Decem- 
ber than in June; hence he is nearer the earth in 
our winter than in summer, because the apparent 
magnitude of any distant body diminishes as the 
distance increases. The sun's mean apparent di- 
ameter is 5£' 1.5", and his distance from the earth 
is computed to be about 95 millions of miles; hence his 
real diameter will be 883,246 miles, making his mag- 
nitude 1,364,115 times that of the earth. As the sun 
revolves on his axis, or on an imaginary line passing 
through his centre, his fi^re is supposed not to be 
exactly spherical,, but a little flatted at the poles, as 
our earth. The axis of the sun makes an a9gle of 
8 degrees with the axis of the earth's orbit. 



II. OF MERCURY— « . 

MsRcuRT, the least of all the planets, and the 
nearest to the sun, performs his periodical revolution 
round him in 87 days, 23 hours, 15 minutes, 34 se* 
conds of our time; which is the length of his year. 
The inclination of his axis to the plane of his orbit, . 
and the time of his rotation on his axis, being un- 
known, it follows, that the vicissitudes of his sea- 
sons, and the length of his days and nights, are like- 
wise unknown. Mercury appears to us, when viewed 
at different times through ^a telescope, with all the 
phases of the m<)on, except that he never appears 
quite full; because his enlightened side is never di- 
rectly opposite to us, but when he is so near the sun 
as to be lost to our sight in the beams of that lumi- 
nary. His enlightened side being always towards 
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the sun, and his never appearing fuU^ evidently 
wove, that he shines not bj any light of his own; 
for if he did, he would always appear circular like 
the sun; and his never appearing above the horiz,on. 
at midnight, evidently show, that his orbit is con- 
tained within the orbit of the earth, otherwise he 
would be seen in opposition to the sun. 

The orbit ot Mercury is inclined 7 degrees to the 
ecliptic, and that node from which he ascends north- 
ward above> the ecliptic, is in the 15th degree of 
Taurus; and consequently, the descending node is in 
the 15th degree of Scorpio. The earth is in these 
points on the 5th of May and 6th of November, and 
when Mercury comes to either of his nodes at his 
inferior conjunction (that is when he is in the 
nearer part of his orbit between the earth and the 
sun) about these times, he will pass over the disc of 
the sun, like a dark round spot; but in all other parts 
of his orbit, he will go either above or below the sun, 
and consequently his conjunctions are then invi- 
sible. 

Mercury's apparent diameter is stated to be 10",. 
and his distance from the sun 37 millions of miles; 
hence his real diameter is about 3224 miles, and his 
magnitude about one -fifteenth that of th^ earth. 
The light and heat which this planet receives from 
the sun, ane about seven times as great as that which 
the earth receives. Mercury is but seldom seen; 
he appears a little after sun- set, and again a little 
before sun-rise. He emits a brilliant white light, and 
twinkles like the jGbced star«. 



V *. 



in. OF Venus— 9 . . 

Venus, the next planet in order, performs her 
revolution round the »in in 224 days, 16 hQurs,.49 
minutes, 10 seconds; her orbit, includii^ that pf 
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MWCU17 wtthiii it, ig within the earth^s otM; ftfr if 
it were not, she might be seep as often in opposi- 
tion to the sun, as she is in conjiincti<m with iiim; 
Imt she was nerer seen above the horii^on at mid* 
night, or 90 degrees from the sun. Yenns, when 
tie wed through a telc^scdpe, has all the phases of the 
moon, though she nerer or seldom appears perfectly 
round. 

"When Venus appears wesC ot the sun, or whenl 
her longitude is less than the sun's lon^tude, 
she will rise in the morning before him, and is then 
called a momine star; but when* she appears east of 
of the sun, or wnen her loi^tude is greater than the 
sun's longitude, she shines in the evening after sun- 
set, and IS then called an evening star. Venus is a 
morning star for about 290 days, and an evening 
star for the same len^ of time, though she per- 
forms her entire revolution rotind the sun in 224 days, 
16 hours, 49 minutes, 10 Seconds, as above stated. 
It may be very naturally aske(>, why Venus ap- 
{hears l#figer to the east or west of &e sun, than 
^e whole time of her revolution round him? But 
this is easily answered, when we eonsider that 
while Venus is going round the sun, the earth is 
going round him the same way, though not so quick; 
and therefore, the relative motion of Venus to the 
earth, is slower than her absolate motion in her orbit. 

The orbit of Venus makes an an^e of 3^ 
2S^ 3^'^ with the ecliptic, and her ascending node 
ii 14 de^ees in Gemmi, hence the descending node 
is 14 de^ees in Sagittarius, and thcirefbre, when the 
earth is m or near these points of the ecliptic, at the 
time titat Venus is in her inferior conjunction, she 
will appear like a dark spot on the sun's disc. The 
last transit of Venus was in the year 1769. The 
apparent diameter of Venus is stated to be 58", and 
her distance from the sun 68 million of miles; hence 
her risal diameter is about 76t7 mites, and her mag- 

3* 
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nltude something less than that of the earth. The 
light and heat which this planet receives from the 
sun, are about double the u^t and heat which the 
earth receives from- him. The inclination of the 
axis of Venus to her orbit, and the time ^e takes 
to revolve on her axis, have been eiven by several 
astronomers, differing from each oQier. Venus, to 
appearance, is the largest of all the planets, and is 
distinguished from them by the brilliancy and white- 
«es8 of her light. • 



IV. OF THE EARTH— e, 

Jlnd it9 SatelUiej the Mooth^'J^, , 

1. The Earth, the next planet above Venus, is a 
globe of about 7964 miles in diameter, revolving 
'once on its axis, from west to east, in S3 hours, 56 
minutes, 4 seconds, which is the time elapsed from 
the passage of any fixed star over the meridian till i$, 
returns to the same meridian again. This motion of the 
earth causes all the heavenly bodies to have an ap- 
parent diurnal motion in tiie same time from east to 
west, making the vicissitudes of day and night. 

The earth is about 95 millions of miles^ from the 
sun, and performs its annual motion round him, 
describing an elliptical orbit, in 365 days, 5 hpurs, 
48 minutes, 49 seconds, from any equinox or solstice 
to the same again, travelling at the rate of upwards 
of 68,000 miles per hour. Besides this rapid motion 
which is common to every place on the earth, the in- 
habitants of the eouator are carried 1042 miles per 
hour by the diurnal revolution of the earth on its axis. 
The earth's axis makes lin angle of £3^ £8' with the 
axis of its orbit, and -preserves the same oblique di- 
rec^on durins its annual course, or keeps always 
parallel itself hence, during one part of tne earth's 
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course, the north pole is turned towards the sun, 
and during another jpart of its course, the south pole 
is l^rned towards him in like manner; which causes 
live different seasons of the jear. 

That, the earth is spherical or nearly so, is not 
only evident from its shadow upon the moon in lu- 
rax eclipses, which shadow is always bounded by a' 
circular line, but also from the many circumnaviga- 
tors who sailed round it at difl^rent times from west 
to east, and the many observations made by persons 
at sea or on the shore, in viewins a vessel depart 
from them; they first lose sight of the hull, wnile 
they tan see the rigging and topsails; but as she re- 
cedes farther from mem, they midually lose sight of 
these also, the whole being hid by the convexity o£ 
the water. 

Though the earth may be considered as spherical, 
yet it has been discovered, that it is not truly so. 
This matter was the occasion of great disputes be- 
tween, the philosophers of the last age, among whom 
Sir Isaac ]Newton and Cassini, a French astronomer, 
took the most active part in the controversy. Sir 
Isaac demonstrated &om mechanical principles, that 
the earth was an oblate spheroid, or tnat it was flat- 
ted at the poles; the polar diameter being shorter 
than the equitorial diameter. The French astrono- 
mer asserted the contrary, or that the earth was a 
prolate spheroid; the polar diameter being longer 
than the equitorial diameter. The French King, in 
1736, being desirous to end the dispute, tent out 
two companies of the ablest mathematicians then in 
France, the one towards the equator, and the other 
towards the north pole, in order to measure a de- 
gree of a meridian in these different parts. From 
uie results of these admeasurements, the asser- 
tions of Cassini were contradicted, and those of 
Newton confirmed beyond dispute. Therefore, 
since that time, the earw has been considered as an 
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oblate spherad,' harving the diameter at the e<{«at»r 
to the |B^ftr diameter, as 2S0 to 2S9. But tbos dif- 
fereoce m so smidU and the anereniiess of the earth's 
surface arising from the mountains, hSls, &Cr so m-* 
eonsiderable, when compared mtb its ma^ittKle,. 
that in all practical sciences, ve may consider the 
earth as a sphere; and hence, the artificial globes, 
being made perfectly spherical, are the best repre^ 
sontations ot the e^th. 

£. The Moon is the nearest celestial body to the 
earth, and the next to the sun, from appearance, in 
splendor; her mean distance from the earth is 
Sd6,847 miles, and she performs her reyohition 
round the earth in 27 days, 7 hours, 43 minutes, 5 
Seconds, which is the length of the periodical month, 
travelling at the rate of 2,270 miles per hour round 
the earth, besides her motion in attending Ute eartb 
round the s«n eyery year. 

The moon's orbit is inclined to the ecliptic in an 
angle of about 5^ 10' at a medium, and her axis id 
nearly perpendicular to the ecliptic, consequently 
she has litoe or no dtTersity of seasons. The time 
which the moon takes to revolre on her axis, h equal 
to the time which she takes to go round the earth* 
from new moon to new m^oon again, being 29 days. 
12 houia, 44 minutes, 3 seconds^ wlkch is the length 
of the synodical monti»; therefore, she has always* 
&e same side tanked towards the earth. The moon's 
apparent dimieter is 31' ft'% hence her real diame- 
ter is 2,180 miles, and her magnitude about ol^e- 
fiftieth of the magmtude of the earth. 

The moon is an opaque body tike our earth, atud 
shines br reflecting the light which she receives fr<ym 
the svm, hence she msappears when she comes between 
us and the sun^ being uien new moon or at the change. 
When she has advanced a little in ker orbit eastwara, 
we see a little of her enlightened side, tile convex 
part being^towafrds Ifce suo^and AfS horns towards 
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the e^t; and as she ftdvances forward » htr enlighten- 
ed side increases to our yiew, until she comes to be 
opposite to the sun; and consequently her whole 
enlightened side is then turned towards the earth, 
appearing like a complete luminous circle, which we 
then call full moon. When the meen has advanced 
a little farther eastward in her orbit, a part of her 
dark side is then turned towards the earth 9 and she 
is become deficient on the western edge, the couvexi 
part being towards the east, and the Tiorns towards 
the west; and as she advances still forther eastward, 
her dark side turns gradually towards the earth, un- 
til she comes a^ain between the earth and the sun, 
having the whole of her dark side towards the earth, 
it bOTg new moon again or at the change. The 
earth is a moon to the moon, but appears about IS 
times as large to the moon, as the moon appears to 
us. When the moon is full to us, the earth is new 
moon to her, and when she is in her first quarter to 
us, the earth is in her third quarter to her; and the 
contrary. 



• V. OF MARS—S. 

Mars, the first planet without the earth's orUt, is 
computed to be about 144 millions of miles from the 
sun, and goes round him .in 686 days, 23 hours, 30 
minutes, 35 seconds, travelling at the rate of u))wards 
^ 55,000 miles per hour. The axis of Mars is per- 
' p^ndicular to the ecliptic, and he revolves once on 
it in £4 hours, 39 minutes, 22 seconds. The orbit 
of Mars is inclined 1° 51' to the ecliptic, and his as- 
cending node is 18 degrees in Taurus. Mars is 
sometimes in conjunction wfth the sun, but he was 
never seen to pass over the sun's disc. He appears 
sometimes round and full, and ait other times gib^ 
bous, but never homed; therefore^ from these ap^ 
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pearances it is manifest, that he shines not by his 
own light, and that his orbit is more distant from the 
• snn, than the earth's orbit. Mars sometimes rises 
before the sun in the morning, and is then a morn- 
ing star; at other times he shines in the evening 
after sunset, and is then an evening star. He ap- 
pears of a duskjr red colour, from which it is sup- 
posed that ^e is Surrounded by a very gross atmos- 
^phere. The diameter of Mars is stated to be 4,189 
miles, hence his magnitude is but a little more than 
ene^seventh of that of the earth. 



VI. OF JUPITER— it, ^ 

And hi8*SateBite8, 

1. Jupiter, the largest of all the planets, is com«^ 
puted to *be about 490 millions of miles from the 
sun, and goes round him in 4330 days, 14 hours, 
39 minutes, ft seconds, movingat the rate of 29,894 
miles per hoar in his orbit. The inclination of the 
orbit of Jupiter to the plane of the ecliptic is 1° 18' 
56", and his ascending node about 8 degrees inX!an- 
cer. The apparent diameter of Jupiter is stated to 
be 39 seconds, hence, his real diameter is 89,170 
miles; and his magnitude about* 1400 times that of 
the earth. Jupiter revolves once on his aids in 9 
hours, 56 minutes, which is nearly perpendicular to 
die plane of his orbit, and conse<][uently, be has no 
diversity of seasons. When Jupiter is opposite to 
the sun, that is, when he comes to the meridian ^t 
midnight, he is then nearer to the earth than he 19 
for sometime before or after his conjunction; and 
consequently I at the time of opposition, he appears 
larger and shines with greater lustre than at other 
times. Jupiter is a morning star, when his lon^tude 
is less than the sun's longitude, or when he appears 
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to the west of the son; and he is an isvening gtar^ 
when his longitude is greater than the sun's longi- 
tude, or when he appears to the east of the sun. 
Sometimes Jupiter appears nearly as large as Venus, 
though his nearest distance from the earth is fifteen 
times the nearest distance of Venus from it. 

Jupiter is surrounded by faint substances, called 
belts, which from their many changes in situation 
and appearance, are generally supposed to be clouds.' 
Large dark spots haye been observed between these 
belts, and when any belt disappearsr, the contiguous 
spots are known to disappear also. 

On account of the quick velocity with which this 
huge planet revolves on his axis, he is much more 
flatted at the poles than the earth. The equitorial 
diameter is stated to be to the polar diameter as 13 
to 12. The light and heat which Jupiter receives 
from the sun, are about one twenty-seventh of the 
^ light and heat which the earth receives; but the quick 
^ returns thereof, and the four satellites which attend 
him, compensate for the deficiency. 

S. Jupiter has four satellites, or moons, which re- 
volve round him as follows: the first satellite^ or that 
nearest to Jupiter, performs its revolution round him 
in 1 day, 18 nours, ^7 minutes, 33 seconds, and is 
^^,000 miles distant from his centre; the second re- 
volves round him in 3 days, 13 hours, 13 minutes, 
4£ seconds, at 400,000 miles distancer the third. Ja_ 
.7 days, 3 hours, 42 minutes, 33 seconds at 640,000 
miles^ distance; and the fourth in 16 days, 16 hours, 
32 minutes, 8 seconds, at tl^e distance of 1,126,000 
miles from his centre. 

Galileo, the inventer of telescopes, discolored. 
Jupiter's satellites, which are invisime to the naked' 
eye, in the year 1610. * This was a very important 
discovery;, for as these satellitea are* frequently 
eclipsed by Jupiter's shadow, astronomers have not 
only disf^overed the progressive motion of lig^t; but 
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have also found the longitinies ot places on land with 
a greater degree of exactness than bj any other me- 
thod jret known. The first satellite, or that nearest 
to Jupiter, is the most important of the four, because 
its motion round Jupiter is quicker than that of any 
of the others; and therefore its eclipses are more fre- 
quent. 

The times of the eclipses of Jupiter's satellites are 
given in the Nautical Almanac for every month, and 
calculated for the meridian of Greenwich. Now, 
let an observed with a good telescope observe , the 
beginning or end of one of these eclipses at any 
place, and note the precise time that he saw the sa- 
tellite immerge into or emerge out of the shadow of 
Jupiter; the difference between this time, and that 
given in the Aiii^&nac, will be the difference of time 
between Greenwich and the place of observation; ■ 
hence, the true longitude of the latter from .the for* 
mer is Easily obtained. 



VJI. OF SATURN— h, 

IBs SateUUeB und Ring. 

1. Saturn, the farthest from the sun of any of the 
planets that are vi8i1>le to the naked eye, is computed 
to be 900 millions of miles from him, and goes round 
him in 10,759 days, 1 hour, 51 minutes, 11 seconds^ 
travelling at the rate of about S2,000 miles per hour 
in his orbit. The inclination of the orbit or Saturn 
to the plane of the ecliptic is 2^ 29' 51'% and his as- 
cending node about 21° in Cancer. Saturn's mean 
apparent diameter is 18"; hence, his real diameter 
is about 79,000 milj^s, and his magnitude more than 
900 times that of t,he earth. Saturn revolves on his 
atis in 10 hours, 16 minutes, 2 seconds, but*the in- 
clination of his axis to his ortMt is uncertain. 
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* 

The light and heat which .this planet receives from 
the sun, are about one-ni^netieth of the light and heat 
which the earth receives. Saturn emits a pale faint 
light, 

2. Saturn is attended by no less than seven satel- 
lites, or moons, which supply him with light during 
the sun's absence. The times of the revolutions cJf 
these satellites round Saturn, and their respective 
distances from him, are as follows: 

6, revolves in Od. 22A. S7m. 23** dist.fr. S. 111,000 
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by Dr. Herschel in the year 1789; they are nearer to 
Saturn than any of the rest, and should be called the 
first and second; but they are here named in the 

, order of their discovery. 

3. Saturn is encompassed by a broad opaque cir- 
cular ring without touching him, like the wooden 
horizon of an artificial globe. This ring was first 
discovered by Huygens; and afterwards^. Dr. Her- 
schel, by the assistance of his powerful telescopes, 
has discovered it to be double, or to consist of two 
concentric rings, detached from each other. The 
breadth of the innermost ring is nearly three times 
that of the outermost. There have been various con- 
jectures relative to the nature of this ring. It casts 
a shadow upon Saturn, and appears more luminous 
than that planet himself; hence, the general conclu- 
sion is, that it is a solid body, equal in density to Sa- 

. turn. 

4 
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vm. QF: THE GEOBGUUM SIDUS, OR 

HERSCHEL— 9, 

Sxid his Sataika. 

1. The GsoEGiuidc SiDua was discovered on the 
Idth of March, 1781> bj Dr. Herschel, who, in 
compliment to the king of Great Britain, called it 
the Gf^orgium Sidu^? though in some other countries 
ii is called Herschel, in honour of the discoverer. 
This planet is situated beyond the orbit of Saturn, 
at the distance of 1,800,000,000 miles from the sun, 
and performs his revolution round him in 83 years, 
]a50 days, 18 hours. The apparent diameter of the 
Georgium Sidus is stated to be 3.54", and its real 
diameter 35,112 miles; hence, its magnitude is up- 
wards of 80 times that of the earth. The inclina- 
tion of ita axis to the orbit, and the time of its 
diurnal rotation » are not yet determined. The Geor- 
gium Sidus can scarcely be distinguished by the 
naked eye, even in a clear night, and in the moon's 
absence. 

.2. The Georgium Sidus is attended by six satel- 
lites, all of which were discovered by Dr. Herschel. 
The tinges of their revolutions round it, and when 
discovered, are as follows: 

1, revolves in 5d. ^Ih. 25m. Os, discovered in 179S* 
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These satellites are said to move in orbits lying 
in the same plane, and nearly perpendicular to the 
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ecliptic. . They move in a retrograde direction, (a 
remarkable circumstance 9) or contrary to the order 
of the signs. v 



IX. OF THE FOUR NEW PLANETS, CEBfiS, 
PALLAS, JUNO, AND VESTA. 

1. The planet Ceres was discovered at Pa!enm>, 
in Sicily, by M. Piazzi, on the 1st of January, 1«01. 
This new celestial body is sitaated between thfe 
orbits of Mars and Jupiter, and performs her revolu- 
tion round the sun in 4 years, 7 months, and 10 
days, at the mean distance of 260 millions t>f mileg 
"from him. Very little is known at present j to any 
degree of certainty, respecting this planet. The 
diameter of Ceres has been differently stated hj dif- 
ferent astronomers; according to Dr. Herschel, it 
iioes not exceed 160 miles. Ceres is invisible to 
the naked eye. 

i. The planet Pallas was discovered at Bremen, 
by Dr. Olbers, on the S8th of March, 1802. It is 
situated between the orbits of Mars and Jupiter. 
The distance of this planet from the sun, periodical 
revolution and magnitude, have not yet been deter- 
mined with sufficient accuracy. 

3. The planet Juko was discovered at Lilienthal, 
near Bremen, by Mr. Harding, on the 1st of Sep- 
tember, 1804. It is situated between the orbits of . 
Mars and Jupiter. Its mean distance from the sun, 
and its magnitude, are less than those of the other 
new planets. 

4. The planet Vesta was discovered by Dr. 01- 
bers, on the 29th of March, 1807. It is situated 
about the same distance from the sun as the other 
three. Vesta is of the fifth or sixth magnitude, and 
may be seen by the naked eye. 
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X. OF COMETS. 

Comets are solid opaque bodies, which occasion- 
allj visit the solar system. They are supposed to 
move round the sun m elliptical orbits, having hini 
in one of the focuses. These orbits are so verj 
eccentric, that when the comet is in that part of its 
orbit which is farthest from the sun, it becomes in- 
visible, and after traversing the remote portion of its 
orbit, unseen for years, it makes its appearance 
again. Comets have tails turned from the sun, 
which are supposed to be vapours produced by the 
excessive heat of that luminary. It would be use- 
less to give the wild and extravs^gant opinions which 
have been entertained by some astronomers respect- 
ing these celestial bodies. 
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The fixed stars, are so called, because th^y are 
known to keep nearly in the same position, and at 
tiie same distances from each other* They have an 
apparent motion from east to west, which is caused 
by the diurnal m#tion of the earth from west to . 
east. The precession of the equinoxes will cause 
the fixed stars to vary in their situations, and hence 
their latitudes and longitudes, in the course of half 
a century, will vary considerably; therefore, it be* 
com*es necessary to have new plates engraven for 
the celestial globes once in about every nf^ years. 

When the fixed stars are viewed through a eood 
telescope, they ^PP^ftr l^ss than when vtewed br 
the naked eye. Tne number of fixed stars which 
are visible to the naked eye in both hemisphereSi . 
does not exceed 3000, though at first view, they may 
appear infinite in number. The stars, on account 
M their apparently various magnitudes, are ctivided 
into classes. Those which appear the largest, are 
called stars of the first magnitude; tiie next to these 
in appearance, stars of the second magnitude; and 
90 on to the sixth magnitude, which are the smallest 
that can be seen by the naked eye. 

4* * 
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That bright luminous zone in the heavens , which 
is called the Milkj-wa^, is composed of a vast num- 
ber of small stars, which by their joint lifht, cause 
that whiteness so perceptible in a clear nimt. 

Astronomers have computed that the distance of 
the nearest of the fixed stars from the earth, is mft 
less than 20,000,000,000,000 miles. At a distance 
80 immensely great, it is impossible for them to 
shine by the reflected light of tne sun; and therefore 
it is inferred, that thej are of the same nature with 
the sun, and shine by their own light. 

The heavens are divided into three pnncipal 
parts. 1 , the Zodiac; £, all that fiaTt of the heavens 
on the north side of the zodiac; and 3, all that part 
on the south side of it. These are again subdivided 
into constellations, in order to direct a person to 
any part of the heavens where a particular star is 
situated. The constellations in the zodiac are ]£ 
in number, the northern constellations 34, and the 
southern 47, making in all 93. 

The stars in eacti constellation are denoted bj 
the letters of liie Greek and Roman alphabets; by 
placing the first Greek letter ^« to the principal 
star, fi to the second in magnitude, y to the third, 
and so on till the Greek alphabet is finished; then 
beginning with the Roman letters, a, bj c, &c« 
This useful method of denoting the stiu*s, was first 
introduced by John Bayer, of Augsburg, in Swabia, * 
about the year 1603. When any constellation con- 
tains more stars than can be marked by the two al- 
phabets, the numbers 1, 2, 3, &c. are used in suc- 
cession. 

The following Tables contain all the constella- 
tions on t)ie New British Globes ^ and the names ot 
many of the principal stars. 
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I. CONSTELLATIONS IN THE ZODIAC. 



V1308 OV THB COVSTXLIJLTIOirS. 



1. Aries 9 the Ram^ 
£. liZxam^iheBiMj 
S. Gemini, the Twiris^ 

4. Cancer, the Crab^ 

5. Leo, the lAon^ 

6. Virgo, the Virgin^ 

7. Libra, the Biuance, 

8. Scorpio, the^ ScorpUm^ 

9. Sa^ttarius, the Archer^ 

10. Capricomus, the Goat, 

11. Aquariug, the Water-hearer^ 

12. Pisces, /Ae Fishes*- 



PriMiMlStan AA 
Mtgnitudet. 



Arietes, 2; 
Aldebaran, 1. 
Castor, 1. 

Regulus, 1. 
Spick Virginis, 1, 

Antares, 1. 



Scheat, 3. 



m 



n. THE NORTHERN CONSTELLATIONS. 



VAMSS 0> TBZ GOITBTXLLATIONS. 



1 . Ursa Minor, the Little Bear, 
£. Ursa Maior, the Chreat Bear, 

3. Cor Caroli, Charles's Hearty 

4. Draco, the Dragen, 

5. Cepheus, Cepheus, 

6. Cassiopeia, the Lady in her 

chatVj 

7. Cameleopardalus, the Came- 

kapam, 

8. Cjgnus, the Swan, 

9. Lynx, the Lynx, 

10. Lacerta, the lAzard^ 

11. Auriga, the Wagoner ^ 

12. Perseus, Perseus^ 

13. Bfttsca^ the Ify, « 



PrineiMl Stan and thdv 
Magnitudes. 



Pole Star, 2. 
Dubhe, 2. 

Rastaben, 2. 
Alderamin, 3. 

Schedar, 3. 



Denib, 1. 



Capella, 1. 
Algol, 2 
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KAHX8 Of TBI COSflTlLLLATZOVfl. 



PlrflkCipAiataEi ind thdr 
MagnitiMtM. 



Lyra, 1* 

Gemma, ^ 
Arctunts, 1. 



14. friaiigitffl, the TriangUSy 
15« Andromeda^ ^ndromeda^ 
16., Lyra, the Harp^ 

17. Hereulea, Hercules^ 

18. Corona Borealisr, the. Ifor- 

them CrotoHj 

19. Bootes, Bootes, 

30. Canes Venatici, the Xh'ey- 

hounds, 

31. Coma Berenices, Berenices 

%% Leo Minor, the Little Lion. 
93. Mons Msenalus, the Mnm- 

tain Manselua, 
34« Serpens,-*^^ Serfent, 

35. Serpentarius, me Serpent^ 

. hearer, 

36. Taurus Poniatowski, ^he Bull 

ef Poniatowski, 
27. Scutum Sqfiieski, the Shield\ 
of Sobieski, 

38. Aquilla, the Eagle, I Altair, 1. 

39. Antinous, Antinous, 

30. Delphinus, the Dolphin, ' 

31. Sa^itta, the Arrow, 
33. Vulpecula et Anger, the Ibx 

and Goose, 

33. Bquulus, the Horses Head, 

34. Pegasus, the Flyif^ Horse. \ Martob, 3. 



Ras Alhagus, %. 
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III. THE SOUTHERN CONSTELLATIONS. 



irjJVES OV THE .COSrSTXLLATipNS. 

1. CetUs, the Whcde^ 

2» Eridanus, the River Po^ 

3. Brandenburgium Sceptrum, 

the Sceptre ofBrandenburgh, 

4. Lepus, the Aire, 

5. Orion, Orion ^ 

6. Canis Major, the Great Dogy 
7- Monoccros, the Unicom^ 

8. Canis Minor, the Little Dog^' 

9. Hydra, the Hydra, 

10. Sextans, the Sextant, 

11. Crater, the Ooblet, 

12. Corvus, the Crow, 

1S% Pyxis Nautica, the Mart- 
ner^s Compass, 

14. Machina Pneumatica, the Air 

Pump, 

15. Crux, the Cross, 

16. Centaurus, the Centaur, 

17. Lupus, the Wolf, 

18. Norma, the Riue, 

19. Circinus, the Compasses, 

20. Triangulum Australe, the 

South Triangle, 

21. Ara, the Altar, 

22. Telescopium, the Telescope, 

23. Corona Australis, the Sou- 

thern Croum, 

24. Pavo, the Peacock, 

25. Indus, the Indian, 

26. Microscopium, the 'Micros- 

cope, 



Fiincipal Stan «Dd their 
Magnitudes. 



Menkar, 2. 
Archerner, 1. 



Rigel, 1. 
Sirius, 1. 

Procyon, 1. 
Cor Hydra, 1. 

Alkes, 3. 
Algorab, 3. 
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NAJXIS Op THB COmTSLIiATIOirS. 



%7. 

28. 
29. 
30. 
31. 

32. 

33. 
34. 

35. 

36. 

37. 
38. 

59. 
40. 

41. 
42. 

43. 
44. 
45. 
46. 

47. 



Piscis Australis, the, SotUhem 

Fish^ 
Grus, tJie Crane^ 
Toucan, the American Goose, 
Phcenix, the Phoenix , 
Apparatus Sculptoris, the 

Sculptor's Apparatus, 
Fornax Chymise, the Chy- 

misVs Furnace, 
Horoiogium, the Clock, 
C^la Scidptoria, /Ac Engta- 

ver^s Tools, 
Columba Noachi, NoahU 

Dove, 
Equuleus Pictoris, the Pain- 
ter's Easel, 
Dorado, the Sword Fish, 
Piscis Volans, the Flying 

Fish, 
Argo Navis, the Ship Argo, 
Robur Carolinum, the Royd 

Oak, 

Chamoeleon, the Chameleon, 
Musea Australis, the Sou- 
thern Fly, 
Apus, the Bird of Paradise, 
Octans, the Octant, 
Hjdrus, the fVater Snake, 
Reticulum Rhomboiduin, the 

Ehomboidal Net, 
Mons Mens«, the Table 
Mountain. 



iPrincipal Stan and their 
Magnitudes. 

■ I III I ^ 

Fomalhaut, 1. 



Canopus^ i 
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ECLIPSES. 



An eclipse ef ^e sun is occasioned bj the moon 
coming; between the earth and^ the sun, so as to in- 
tercept his- light, that to any place of the earth the 
sun may appear partly or wholly covered. This 
privation of me sun's light is nothing more than the 
moon's shadow falling on the earth at the place of ob* 
servation; hence, all solar eclipses happen at the 
time of new moon* An eclipse of the moon is occa- 
sioned by the earth coming between the sun and the 
moon, so as to deprive her of the sun's light, or by 
the moon entering into the earth's shadow; hence, 
all lunar eclipses must happen when the moon is in 
opposition to the sun, or at the time of full moon. 
Wnen the sun is eclipsed to us, the earth as a moon 
will be oartly eclipsed to the moon, and the inhabi- 
tants or the moon (if there be any,) may see her 
shadow pass over the earth like a dark circle. When 
an eclipse of the moon happens, the sun will be 
eclipsed to her, a»long as she continues in the earth's 
shadow. 

It the moon's orlHt were in the plane of the earth's 
orbit, the moon's shadow would tall upon the earth 
at every new moon, and cause an eclipse of the suni 
and tiie moon would pass tiirough the middle of the 
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earth's shadow and be eclipsed, at every full moon. 
But the moon's orbit is inclined to that of the earth 
in an angle of abbut 5i degrees, and intersects it in 
two points called the moon's nodes. Astronomers J 
have calculated, that when the moon changes at more I 
than 17 degrees from either node, she is then either 
too high or too low in her orbit to cast her shadow 
upon the earth, and' consequently there can be no 
eclipse of the sun; but if the moon be less than 17 de- 
grees from either node at the change, her shadow 
may fall upon the earth, and the sun be eclipsed 
It IS also determined, that when the moon is more 
than 12 degrees from either node at the time of full 
moon, she is then either too high or two low in her 
orbit to pass through any part ofthe earth's shadow, 
and consequently she will not undergo an eclipse; 
but if the moon be less than 12 degrees from either 
node at the full, she may be eclipsed. 

When the moon changes ^t her least distance From 
the earth, and within the ecliptic limits of the sun, 
she appears large enough to cover the whole disc of 
the sun from those places of the earth on which her 
shadow falls; and consequently, the sun will be to- 
tally eclipsed there. But when the moon changes 
at her greatest distance from the earth, ai^d within 
the sun's ecliptic limits, she appears less than the 
sun, and therefore cannot cover nis whole disc from 
an;^ part of the earth; and, at that place of the earth, 
whicn is in a direct line between the centres of the 
sun and moon, a person would see the edge of the 
sun round the darK body of the moon, appearing like 
a luminous ring, called an annular eclipse. The 
sun's apparent diameter when smallest is 31' 29", 
and the moon's when largest 33' 34"; therefore, the 
total darkness in the greatest solar eclipse that can 
happen, will only coiitinue 4 minutes,* 6 seconds, 
which is the time that the moon takes to Inove in 
her orbit over 2' 5", the difference between the 
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moon^s greatest and the sun's least apparent diame« 
ter. An eclipse of the sun begins on his western 
edge 9 and enos on the eastern; and an eclipse of the 
moon begins on the eastern edge of her disc, and 
ends on uie western* 

The sun's ecliptic limits are greater than the 
moon's, consequently there will be more sdar than 
lunar eclipses; jet there are more visible eclipses of 
the moon than of the sun, because lunar eclipses are 
visible to every part of that hemisphere of the earth, 
which is turned next her, at the same time; but a 
solar eclipse is only visible* to that part of the earth 
4UI which ^ moon's shadow ialls. 
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THE TERRESTRIAL GLOBE. 



PROBLEM L 



Any place being given io find its laHktde^ and aU 
those places which have the same latitude* 



RXJLX. 



Find the place on the globe, and brine it to thai 
part of the brass meridian' which is numbered from 
the equator towards the poles; the degree above it 
is its latitude north or south, according as the place 
18 on the north or south side of the equator. Turn 
the globe round on its axis, and all places ihat 
pass under the degree on the brass meridian, which 
18 the latitude of the given place, are those wbidi 
have the sami? latitudew 



EXAMPLES. 



I. What is the latitude of Constantinople? 

Jins, 41 degrees North. 

%, Requirea the latitude o§ Petersl^rg. 
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3. What places have the same, or nearly the 
same latitude as Philadelphia? 

^ns. Pekin, Naples, Constantinople, Madrid,. 
&c. , ^ I . 

4. The length of the longest day at Berg^i is 19 
hours; required those places* which have the longest 
daj the skme len^h. 

5. What inhabitants of the earth have the same 
length of days as the inh^ibitants of Havana? 

6. Where are the seasons of the year the same 
as at Boston? 

7. Find the latitudes of the following places, and 
all those places which have the same latitudes; 
Berlin Madras Paris Washii^on 
Hamburgh Archangel Mecca Mexico 
Lisbon Naples Cairo Quebec. 

8. What is the greatest latitude that a place dan 
have? 



PROBLEM IL 

Anyplace being given to find its longitude^ and off 
those ptacea which have the 8ame longUude. 

RULE. 

Find the plaee on the globe and bring it to the 
brass meridian, the number of decrees on the equa- 
tor, counting from the first meridian to the brass 
meridian, is the longitivle* If the given place lie to 
the li^ht hand of the first meridian the longitude is 
east; if to the left hand the longitude is west^t and 



* AU plaoes in the same latitude fasTe the same length of dajr 
aad night, and the same reasons of the year, though thejr vkVf. 
not haye the same atmospherieal temperature. 

f The learner ahouta stand vith his face toward the NarthFolev 






THE TERRESTRIAL GLOBE. 53 

all places under the same edge of the brass meri- 
dian from pole to pole have the same longitude. 

EXAMPLES. 

1. What is the longitude of Pondiicherry? 
^m* 80 degrees east. 

2. What places have the same, or nearly the same 
lon^tude as Rome? 

*?n«. Leipsic, Tripoli, Wittenburg, &c. 

3. When it is nine o'clock in the momins at 
Washington, what inhabitants* of the earth have 
the same hour? 

4. What inhabitants of the earth have midnight^ 
when it is midnight at London? 

5. What inhabitants of the earth have noon, when 
those of Baltimore have noon? 

6. Find the longitudes of the* following places, 
and all those places which have the same lon^- 
tudes: ^ 

New- York ^ Quito Nankin 

New-Orleans Xieshom Bombay 

Copenhagen Palermo Aberdeen 

Archangel Canton The Sandwich Islands 

7. What is the greatest longitude that a place can 
have? 

PROBLEM III. 

wf ny pku:e being given, to find its latitude and Ion- 

gitudeA 



* Thote people who inhabit the earth under the same noeridiaa 
from 66® 28' north latitude, to 66® 28^ soath latitude, have noon at 
the same timet and whatever be the hour of the day at any par- 
ticular place, it will be the same hwir at eyeirf other place situat- 
ed under the same meridian. W 

t The first and second problems include this one, which serves 
only as a repeMtion of them. 

5* 
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Bring the feiven place to that part of Ihe brass 
meridian, which is numbered 'from the equator to- 
wards the "{MrteS; the degteeabWe it is ibt latitude, 
and the degree on the equator, cttt t^ *e braw me- 
^an, is the Iotigkad«i. 

1. What is the latitude and longitude of HoBcoW? 

Jins. Lat. 551 degrees N. Ion- 371 degrees E. 

% What is the latitude and longitude of Mciico? 

S. Find the latitudes and longitudes 6F the fdllow- 
ingplltceB: 

Algiers Bagdad Kingston Oporto 

Amsterdam C*diz Vera Cruz Athens 

Aleppo Bbtanj^Bay Juan IPemandez Jaffiu 

IrtlOBLBM IV. 

Tte toHiiide md tongUude of anty place hdng given f 

n^fhidthat^piace. 

RULE. 

Find the given longitude on the equator, and 
bring>it to thtg .brass meridian; then under tlie.^ven 
latitude on the brass mei^sdian} you will fina the 
place required.^ 

EXAMPLES. 

1. What place has ^jg^^l degrees %«8t lov^tuiie^ 
and 19 degrees north lAtudeP 
^ns* The north end of the island* OfWrby^be^. 
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d. What .place has 113 degrees east longitade, 
and £S degrees north latitude? 

3. JPind those places which ha^e the following 
latitudes and longitudes: 



LAT. 

5V 57' N. 
S2 35 N. 
18 57 N. 
34 3d S. 



XON. 

1^ 51' E. 
88 29 E. 
72. 31 E. 
58 31 W. 



LAT* 

3° 15' «• 
30 10 N. 
55 58 S. 
29 2 S. 



LON. 



107** 10' E. 

81 34 W. 

67 26 W. 
168 10 E. 



PROBLEM V. 

To find the difference of latUude between any two 

places. 

^ULE. 

Find ihe latitudes of both places (by (Problem 1.) 
ihen, if ihe latitudes be both north or both south, 
ikeir difierence will be the difference of latitude; but, 
if the ilatitedes be one north and the other soui^, 
Aeir sum* <wiU>be the dtiference of latitude. 

EXAMPLES. 

1 What is the difference of latitude between 
Glasgow and Boston? 

Am. 13i degrees. 

2. What is the difference of latitude between the 
Cape of Good Hope and Philadelphii^ 

^. How many uegreesia CMW^'Hom south of Cape 
Verd? 

4. Where nm^ those [Places 'be situated, which 
haye no difference of latitude? 



^ 
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* 5. What two places on the globe have the greatest 
difference of latitude? 

6. Required the difference of latitude between th^ 
folio wing places: 

Cape Blanco and St. Matthew's Island. 

Cape Guardafui and Cape St. Mary. 

Martinico Island and the Island ot Bermuda. 

Charleston and Halifax. 

Porto Bello and^New -Orleans. 

St. Helena and Cape Farewell. 



PROBLEM VI. 

To find the difference of longitude between any two 

pktees. 

RULE. 

Find the longitudes of both places (bj Prob. II.) 
then, if the longitudes be both east or both west, 
their difference will be the difference of longitude; 
but, if the longitudes be one east and the other west, 
their sum will be the difference of longitude, if it 
does not exceed 180 degrees; if their sum exceeds 
180 degrees, take it from 360 degrees, and the re> 
mainder will be the difference of longitude. 

EXAMPLES. 

1. What is the difference of longitude between 
New- York and Oporto? 

Jins. 651 degrees. 

2. Find the difference of longitude between Arch- 
angel and London. 

S. How many degrees is Leghorn east of Balti- 
more? 



I 
r 
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4. What is the difference of lon^tude between 
Hervey's Igland and Siam? 

5. What is the greatest number of degrees, that 
•ne place can be east or west of another? 

6« Required the difference of longitude between 
the following places: 
Fez. and the Island of Bourbon. 
Ascension Island and the Island of Candy^ 
Jeddo and Acapulco. 
Cape Cod and the Island of Madeira. 
Botanj Baj and Gouffh's Island. 
Washington and Bocnelle. 



PROBLEM yil. 

Tojmi the distanee betwem any ito^ places.* 

RULE* 

The shortest distancft bAtv^An Anytwa plaoee on 
the earth is an arc of a great circle intercepted be- 



* Though this problem is yeiy simple in theory, yet, when ve ap- 
ply it to pinctiee, the diffiealties whiel) arise are almost impoau- 
Die. When sa9ing along the traekless oeean , or traTdling throogh 
unknown deserts, our only guide is the mariner's eompass, and 
unless the two places be situated on the same meridian, or on the 
equator, ve never can take the shortest rout, euided by the oom- 
paas, as measured by the quadrant, or found by spherical trigo- 
nometry. 

For example: first, let it be fequired to find the shortest dis- 
tance between Cape Henry and Cape St. Yineent, situated on 
the same parallel of latitude, and differing in longitude 67^. 
The shoilest distance found by spherical trwonometry, is an 
are of a great circle containing 58° tV, «pS1S8 geographical 
aal miles; but if a ship tske her departure from Cape at. Vincent, 
latitude 37 demes nortii, and steer due west till her difference of 
longitude be 67 deerees, which will bring her to Cape Hennr, her 
true distance sailed will be 3S10i geographical miles, making a 
circuitous course of 79^ geographiml miles. Now to conduct a- 
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tween fhem. Therefore, lay the graduated ed^ of 
the cmadrant of altitude over the ^o places, so th4t 
the dirtsion marked may be on one of the places; 
the degrees on the qnadrant comprehended between 
the two places will be their distance in degrees, 
which multiply bj 60 for their distance in geographi- 
cal miles, or by 691 for their distance in Sn^ish 
miles. 

Or, extend a pair of compasses between the two 
places, apply tnat extent to the equator, and it 
will show how many de^ees it contains, which mul'- 
tiply as above for the distance in miles. 

It the distance between the two places exceed the 
length of the. quadrant, stretch a thread between 
them, and mark their distance; apply this distance 



ship on the are of a g^reat eirele iiitereq;»ted between the above 
mentioned places, she must be steered through all the different an- 
gles, infinite in number, from N. 68® 17' W. to 90°, and from 
Ihenceibrougfa all t he same variety of an gles, tUl she arrivea where 



the angle wTni5e~ CyTTTHir 
pmeticable* 

Secondly. Let us take 'another example, in which the two places 
difier in latitude: sumiose the Island Madeira, latitude dS® 38^ N. 
longitude, 17® O' W. and the Island Trinidad, laUtnde |0° 45' 
N. longitude, 60® afi' W. The are of a great circle coatained 
between the two places, truly calculated by spherical trieonome- 
try, will be 45® 31', «>27ai geographical mileS; and, ui order 
that ^ ship may sail on this circle, she must steer from Madeira, 
B, 71® 87' W. and fluctuate In her course till she arrives at Tri- 
nidad. where the course will have gradually decreased to S. 54® 
81' W. which, though true in theory, is impraotJeable. There- 
fore, the course and distance must be found by middle latitiide or 
Mercatoi's saiHng. Tlie wmnt will be found to be S. 61® 33' W. 
and distance on that course, 2741^ geographical miles,- making a 
difference of 10^ geographical miles. 

Hence, it is evident that we never can travel or sail oo an arc of 
a great circle, guided by the compass, except on a meridian or oa 
the equator; consequeiftly, if the two places be otherwise sitoated,^ 
the distance between them, and the point of the compass on whi^ 
ft person must sail or travel from the one place to the odier, must 
be found by middle laMtude or Mersator's sailing. 
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t» ^e equator and it will ahev Urn number .of de- 
' greet between tlie two places. 

EXAMPLES* 

1. What is the dkect distance between St.^ Helena 
and 6t« Salvador? 

Ana. 3^ degrees, s=1920 geographical miles, or 
SS24 English miles, 

S. What is the breadth of Soutii Amcerica from 
Cape St Roque to Cape Blanco? 

5. Whit is the length of Africa from Cafte Bmi to 
the Cape of Good Hc^ 

4. What is the extent of Africa in English .miles 
from Cape Verd to Cape Guardafui? 

5. What is the direct distance between Cape 
Horn and the Cape of Good Hope? 

6. What is the extent of Europe in English miles 
from the North Cape to Cape Matapan? 

r. What is ti)e shortest dktance between Cape 
Cod and Ihe Island Bermuda? 

8. What is the extenj^: of the Atlan^ Ocean 
from Cape Lookout to Cuipe Finislierre? 

9« How many miles is Africa broader than Sontk 
America, where crossed by the equator? 



PROBLEM Vm. 

A, place being given to find dU those places whi^ 
are ntuatBd at the samfi distofic^ from it as any 
other given pl^e. 

RULE* 

Place the division marked of the quadrant of al- 
titude on the first ^ven place, and the graduated 
edge over the other, then observe tbs degree on the 
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quadrant over the other place; move the qoadrniit 
entirely rounds keeping the dmsion markea in its 
first situation, and all places which pass under Urn 
same degree which was observed to stand over the 
other place, are those required. 

Or, take the distance between the two^plaees in a 
pair of compasses, and with the first place as a cen* 
tre, describe a circle; then all places situated in the 
circumference of this circle, are those required. 

Whep the distance between the two places ex^ 
ceeds the length of the quadrant, or the extent of 
the compasses, stretch a thread between them, and 
mark their distance, with which proceed as witii the 
quadrant. 

BXAMFLfii. 

1. What places are situated at the same distance 
from London as Warsaw is? 

Ans. Alicant, Buda, Roningsburg, &c. 

S. What places are at the same distance from 
Moscow as Stockholm is? 

3. What islands are situated at the same distance 
from the Canary Islands as Cape Yerd Islands are? 

4. What places are situated at the same distance 
from New- York as Madras is? 



PROBLEM IX. 

Qiven the latitude of u place and Us distance from a 
given place J tofSkd that place whereof the latitude is 
given* 

RULE. 

If the distance be given in miles, turn them into 
degrees, by dividing by 60 for geographical mileSy 
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tr hj 69i for English miles; then place of the qua- 
drant of altitude on the given place, and move the 
xnS^er end eastward or westwara^ (according as the 
required place lies to the east or west of the eiven 
place,) tin the de^ees of distance on the quadrant 
and parallel of latitude intersect; under the point of 
intersection you will find the place required. 

EXAMPLES. 

1. A place in latitude 13 de^ees N. is 4£S93 En> 
glish miles from London, and is situated in west lon- 
gitude; required the place? 

^n»^ 42395 divided by 69i gives 61 degrees; then 
of the quadrant placed on London, the 61st de- 
gree pf the quadrant will intersect the parallel of 13 
decrees N. m west lon^tude, over the island of Bar- 
baaoes, the plaice required. 

2. What place east of Bermuda, and latitude 16 
degrees S.is 44i0 geographical miles from it? 

3. A place in latitude 51 s degrees N. and east of 
Philadelphia is 3120 geographical miles from it; re- 
'quired the place? 

4. Petersburg is 1740 geographical miles distant 
from^two places situated on the parallel of 40 de- 
grees N.; required the two places? 



* It is necessary to mention whether the place sought lie tojthe 
east or west of the given place, because the degrees tM distance on 
the quadrant will cut the parallel of latitude in two points, viz.onc 
east of the given place, and the ottier west of it. 
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PROBLEM X, 

Given the longitude of a place and its distance from 
a given plate J to find tM place whereof the tongi- 
' iude is given. 

RULT. 

If the distance be given in miles 9 turn them into 
degrees, as in the preceding problem; then, place ' 
that pa^ of Ihe quadrant of altitude which is marked 
upon the given place, and move the other end north- 
viiaixA. or southward,^ (according as the required 
|]dace lies to the north or «ou1h of the given place,) 
lill the degrees of distance on the quadrant, and the 
^ven meridian of lon^tude intersect; under the 
point of intersection jou will find the place requir- 
ed. 

1. A place in 75 degrees west longitude, and situ 
ated south of Dublin, is $8S0 geographical miles 
from it; required the place? 

Ana, S820 divided by 60 will give 47 degrees, then 
of the quadrant placed on Dublin, the 47th degree 
of the quadrant will intersect the meridian of 75 
degrees V^. south of Dublin, over Philadelphia, the 
l^ce required. 

2. What place north of Madrid, and longitude 
30 decrees east, is ^015$ English miles from it? 

S. What place south of W ashington, and longi- 



* It is necessary to mention whether the place sought lie to the 
north or south of the given place, because. the degrees of distance 
on the quadrant ma^ cut the given longitude iu two points, viz* 
the one northward ot the given place, and the other south ward, ol' it. 
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tade 16i degrees W. is 3060 geographical miles 
fipom it? 

^ 4» A place in 63 i degrees west longitude 9 dud 
situated south of Lisbon, is 3058 English miles from 
it; required the place? 



PROBLEM XI. 
To find the bearing of one pkieefrom another. 

RULE. 

If both places be situated on the same parallel of 
latitude, their bearing is either east or west from 
each other; if thej be situated on the same meri- 
dian, the J bear north and south from each other; if 
the J be situated on the same rhumb-line, that 
rhumb-line is their bearing; if they be not situated 
on the same rhumb-line, lay the quadrant of alti- 
tude over the two places, and that rhumb-line which 
is the nearest of being parallel to the quadrant, will 
be their bearing. 

If the globeliave no rhumb-lines* drawn on it, 
apply the centre of a small mariner's compass to any 
£iTen place, so that the north and south points 
thereot may coincide ¥rith some meridian; the other 
points of uie compass will show the bearing of aU 
the circumjacent places nearly. 

EXAMPLES. 

1. Required the bearing between' Cape Hatteras 
and the island of Porto. Rico? 
Ans^ S. S« E* f E. 



* There are no rfaumb-lines drawn on either Gate's or Bardin's 
globes. 
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. S. On what point of the compass must a ^p steer- 
from Cape Sable to Bermuda? 
^ 3. Required the bearing between the Lizard and 
itie island of St Mary, 6ne ot the Western Islands? 

4. Which way must a ship steer from Ascension 
Island to St. Helena? 

5. Required the bearing between Washington and 
the following places: , \ 
Philadelphia Albany Savannah New-Orleans 
Boston Pittsburg ' Nashville Charleston 
St. Augustine ^ Vincennes Natches New-Yerk. 



PROBLEM XII. 

To find the angle of paHtian* bettoeen two plaee^M 

KULE. 

Bring one of the places to the brass meridian, and 
observe its latitude; elevate the north or south pole| 



* Some imagine that the angle of position represents the true 
bearing of one place fi-ora another, while others contend, that the 
one is very different from the other. Let us endeavour to exam* 
2kie both moi'e minutely, and ihenoe draw the conclusion. 

By attending to the mle for finding the angle of position, as laid 
down in this problem, we shall find that, that.part of the quadrant 
of altitude, intercepted between the two places, always forms the 
base of a spherical triangle, and the compliments of the latitudes 
of the two places, the two sides; also the difference of longitude is 
the vertical anp^Te. The angles at the base of this triangle are the 
angles of position between the two places. 

1. Let two places be situated in the same latitude, suppose 37 
degrees north, and difiering in longitude 67 degrees, which wiU 
correspond with Cape Henry and Cape St. Vincent. Now con- 
ceive a triangle on the globe formed by the co-latitudes of the two 
places, and that part of the quadrant of altitude between them. In 
this triangle, we have two sides and the included angle given, to 
find the base, and the angles at the base; the angles will be found 
to be eaeh 6S^ 17' the triangle being iKoceles, and the base 52^ IST^ 
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according as the latitude is north or south, so manj 
decrees above the horiaion as are equal to iha;fc lati- 
tude; screw the quadrants of altitude upon the brass, 
tneridian over that place, and move di^ quadrant till 
its graduated edge comes over the other place; then 
&e number of aegises on the woodetl horizon, be- 
tween the graduated edge of the quadrant and the briiss 
meridian, counting towards the elevated ^le^ Will 
foe the angle of position between the two places. 



^m 



Now if an indefinite namber of points be assumed along the bio6y 
4iie angle of positioft between Ckpe St. Viotent and eaehofiliese 
points wiU be N". 68^ 17' W. but were it possible for a ship ttf sail 
alone this arc^^see the note to Prob. Vil.) by the eorapaw^she 
mm fluctuate m her course from N. 68^ IT W. Mb 90 degrees, 
and from thence continue saHing tbrouBh the aaitte vailety « a(f« 

fles, till her ooorse beoQmes 68^*17') but for a ship to wil front 
Jape St Vincent N. 68** 17' W. she would never arrive at Cape 
Heni^, because her true course by the mariner's compass from 
Cape St. Vincent, along the parallel of 37 degrees hortti^ to Gape 
Henry, is invariably west, 

2. Let two places be taken, diifering in latitudes a|)d longitudes; 
suppose the island of Madeira, latitude 39^ 38' N. longitude 
17<> 6' W. and the island of Trinidad latitude IQP 45' N. longitude 
60'' 36' W. The angle of position between M. and T. calcn. 
lated by spherical tneonometry, is $. 71^ 27' W and the angle 
of position between T. and M. is N. 54° 21' B. N6w if we aft. 
Sume any number of points on the arc of a great circle between 
the two places, the an^le of position between M. and each of 
those points will be invariabljr 71° 27'; whereas the angle of posi- 
tion between each pdnt (beginning with that next to M.)and M. 
is continually decreasing, tilt it becomes 54° 21'; but the direct 
course from M. to T. Hound by Mei'cator^s sailing) is S. 61° ^ 
W. and from T. to M, N, 61° 23' E, ' Therefoi-e if a ship were to 
tail from M, S. 7^° 27' W, by the compass, she^ would never 
arrive at T. and were she to sail from T. N. 54° 21' E. she 
would never arrive at M. / 

Corollary 1. If the two places be oa th^ equator, the angle of 
position between each place and all the assumed points lietween it 
and the other, will be 90 deforces, as also between each point and 
each place, the same as the bearing by the compass. 

Corollary 2. When the two places are situatea on the same 
i&eridiaiw the angle of position becomes the bearing. 

Henc^the angle of position between two places cannot repre* 
sent their true bearing by the compass, except those places be sito* 
ated on the equator, or oa tii& same meridian. 

6* 
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BXAMPL£8. 

to 

1. What is the angle of position between j^hita- 
delphia and Paris? 

Ans. 52 degrees' from the north towards the east.^ 

2. What is the angle of position between Pari* 
and Philadelphia? 

, 3. What is the angle of position between Wa^ 
ington and Rome? 

4. What is the angle of position between New- 
York and Naples? 

5. What is the angle of position between Londoa 
and Archangel? 

6. Required the angles of position between Wasli- 
ington and the following places: 

Mexico Porto Bello Gottenburg Lisbon 

liima St. Domingo Glasgow Warsaw 

Buenos Ayres Quito Algiers Athene. 



PROBLEM XIIL 

7}} find the JSnkeciy Perked, and Antipodes of cam 

place. 

RULE. 

For the Antceei. Bring the eiven place to the 
brass meridian, and observe its latitude, then under 
the same degree of latitude, in the opposite hemis- 
phere you will find the Anteeci. 

For the Perioed. Bring the given place to the 
brass meridian, and observe its latitude, set the in- 
dex of the hour circle to 12, turn the globe half 
»ound, or till the index points to ^e other ^^ then 
under that degree on the brass meridian, imc\i b 
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the latitude of the given place, you will find the 
PericBci. 

. Fbr the Antipodes. Bring the given place to the 
brass meridian and observe its latitude, set the in- 
dex of the hour circle to 1£, turn the globe half 
rounds or till the index pwnts to the other 1^; then 
under the same degree of latitude with the given 
place, but in the opposite hemisphere, you will find 
§ie Aatipodca. 



\ 



EXAMPLES. 

1. Required the Antoeci, Peri(Bci,and Antipod^ 
of the island of Bermuda. 

Ana. A place situated a little N. W. of Buenos 
Ayres^ is the Anto&ci; a place in China, N. W. of 
Nankin, is the Periceci; and the Antipodes is the S. 
W. part of New Holland. 

S. Rec^uired the Antosci, Periceci , and Antipodes^ 
of Washington. 

3. Required the Antoeci of Charleston. 

4. Required the Perioeci of Philadelphia. 

5. What inhabitants of the earth walk diametri* 
cally opposite to those of MadndP 

6. A ship in latitude 40^ S. and longitude 105^ £.-; 
iieqttired her Antipodes. 



K 
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FRQB^M XIV. 

To find haw many mUeu make a degree of kmgiiude: 
in ony given paralld <tf kUihide^^ 

Lay the quadrant of altitude parallel to the equa- 
tor in the ^ven latitude between aiij two meridians, 
which differ in longitude 15 degrees;! multiply the 



•4M* 



*The reasoD of this nile wilt appear evidetit from ike foUovUig 
properties. 

The dUtaOice betweea any tvo meridians on the ecjuator, is to 
tbedidtanee between the same meridians on any parallel cdf laii- 
tofle, as the number of miles contained in one degree Of the equa*^ 
tor, is to the number of miles contained in one degree of ih^ 
parallel of latitude; but the distance on the equator betweeJn those 
meridians, is to the distance on the parallel of latitude between the 
same meridians, as the number of degrees in that distance, is to 
the number of degrees of equal leneth in the other; therefore the 
number of d£^;rees on the equator uetween any two meridians, is 
to^the number of degrees of equal length between thfe aanne meri- 
dians in any parallel <xt fatitude, as the number of geographical 
miles in one degree of the equator, is to the number m geggitiphi- 
cal miles in on:^ degree of that miraltel ol latitude. 

Thus, in the latitude of Philadelphia, the distance between two 
meridians which di£Eer in longitude 16 degrees, measured by th« 
quadrant of altitude, is U^° nearly. Then from what has been 
demonstrated, 15° :'11^° x; 60m.: 46m,s likewise altemately- 
15° t 60 : : 11 i° : 46; but 15 : 60 : : 1 : 4; therefore 1 : 4 : 1 11^ : 46} 
hence, 11^ X 4 3= 46 X 1 = 46, the number of geograpical miles 
contained in one degree of longitude in the latitude of Philadel- 
phia. And die num^r of geographical miles multiplied by 1.158 
will sive ^e English miles, because 60 t 69^ t : 1 : 1.58, nearly. 

when great exactness is required, recourse must be had to eal- 
culation, as shown in the note to the table annexed to this problem, 
because the quadrant of altitude will measure no arc truly but Uiat 
of. a great circle; consequently the rule cannot be mathematically 
true, though sufficiently correct for all practical purposes. 

t The meridians on sOmfe large globes are drawn throc^h every 
10 degrees. The rules for such ^obes will answer, by reading 
10 degrees for 15 degrees^ and by multiplying Py 6 instead of 4. 
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■umber of degrees intercepted betwee 
and the product will eive the length a 
gewraphical miles^ wnich muttiplj by 
{lish miles. 

KXAMFLEB. 

1. How many geographical and EHgliHh mile> 
make a degree of longitude in the latitwle of Con- 
Btaatinopler 

jlna. 45j geogr^hical miles, and S2 Engliah 
miles. 

2. How^any miles make a degree of longitude 
in the latitude of WashingtonP 

3. Answer the t the preceding, 
with respect to the 

London MeC' Upsal. „ 

Edinburgh ' Dub! New-Vorlc 

Paris Quel Peter^ui^. ■ 



ro 
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A TABLE, 

Shelving how many miles make a degree of bngi^ 
tude^ in every degree of latitude** 



peg. 
Lac 

1 

2 
3 
4 
5 
6 
7 
8 
9 

la. 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 



59.4268.31 



MUet. 



59.9969.06 



59^6 
59.92 
59.85 
59.77 



59.55 



Eng. 
Mile*. 



69.03 

68.97 
68.90 
68.81 



59.67 68.6^ 



68.48 



59.26 

58.89 
58.69 
58.46 
58.22 
57.95 
57.67 
57.38 
57.06 
56.73 
56.38 
56.U1 



68.15 
67.95 
67.73 
67.48 
67.21 
66.95 
66.65 
66.31 
65.98 
65.62 
65.24 
64.84 
64.42 



55.23 
54.81 
54.38 
53.93 
53.46 
52.97 
52.48 
51.96 



55.63" 63.97 



63.51 
63.03 
62.53 
62.02 
61.48 
60.93 
60.35 
59.75 



b: 



31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



S.' 



51.43 

50.88 

50.32 

49.74 

49.15 

48.54 

47.92 

47.28 

46.63 

46.96 

45.: 

44.59 

43.88 

43-16 

42-43 

41.68 

4U.92 

40.15 

39.36 

38.57 

37.76 

36.94 

36.11 

35. 

34.41 

3353 

32 

31-79 

3a90 

30.00 



28 52 



Eag. 
Mikf. 



2740 



68 37 



59.13 
38,51 
57.87 
57.20 
36.51 
55.81 
55.10 
54.37 
5362 
52.85 

.07 
51.27 
50.46 
49.63 
48.78 
47.93 
47.06 
46.16 
45.26 
44.35 
43.42 
42.48 
41.53 

.5^ 
39.58 
38.58 

.58 
36.57 
35.54 
34.50 



Deg. 
Lat. 



61 



62 28.17 



63 



64 2&30 



65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 

82 
83 
84 
85 
86 
87 
88 
89 
90 



Geog. 
Milet. 



29.09 



27.24 



25.36 
«4.40 
23. 



45 26 
22.4825 
21.5024 
,20.52 
i933 
18.54 
17.54 
16.54 
15.53 
14.52 
13.50 
12.48 
11.45 
10.42 

9.38 

8.35 

7.31 

6.27 

5.22 

4.18 

3.14 

2.09 

1.05 

0.00 



Ens* 
Mile*. 



33.45 
32.40 
31.33 
30.24 
29.15 
28.06 
.96 
.85 
.73 
23.60 
22.47 
21.32 
20.17 
19.02 
17.86 
16.70 
15.52 
14.35 
13.17 
11.98 
10.79 
9.59 
8.41 
7.21 
6.00 
4.81 
3.61 
2.41 
1.21 
0.00 



* The priDciples upon which this table is founded are as follows. 
The circumiereoees of ohpcles are in a direct proportion to each 
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PROBLEM Xy. 



7b ^mdat what rate per hour the inhabitanti of any 
place are carried^ from west to' east j by the revolu- 
tion of the earth on iia axis. 



RULE. 



Fkid how many miles make a d^ree of loneitade 
in the latitude of the given place, (bj Prob. XlV^ 
which multiply by 15 for the answer.* 



EXAMPLES. 



1. At what rate per hour are the inhabitants of 
Philadelphia carried, from west to east, by the revo- 
lution ofthe earth on its axisP 



other as their radii; and because the eailh turns round once on its 
axis in 24 hours trom west to east, every point on its surface will 
describe circles, or parallels of latitude parallel to the equator; 
hence, it follows that the earth's semi-diameter at the equator, is 
to the semi-dianieter of any parallel of latitude, as tlie circumfer- 
ence ofthe equator, is to the circumference of that parallel of lati- 
tude, or as the lengtlt of one degree on the equator, is to the leng^th 
of one degree on that parallel of latitude; but th^ aemi-diaiueter of 
the earth at the equator is the sine of 90 de^;rees, and the senii-di- 
ameter of any purallel of latitude, is the sine compliment of that 
latitude; thei'tetoreasradiuais to the sine compliment of any paral- 
lel of latitude, so is 60 geographical ipiles, the length ot a degcee on 
tlie equator, to tlie length of a degree in geographical miles, on 
that parallel of latitude. By this last proportion the table was 
GODStructeil. 

• 

* The reason of this rule is evident, because 360 degrees divided 
bj 34 will give IS. the number of degcees the inhabitants of the 
eartl) are carried in one hour; hence the number of miles contain- 
ed in one degree of longitude on any parallel of latitude multi- 
plied by IS, gives the number of miles the inhabitanU an oarried 
round in one hour, on that parallel cl* latitude. 
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Am. The latitude of Philadelphia is 40° N, where 
a degree of longitude measures 46 geographical 
miles, or 52.8 English miles. Then 46 X 15 = 690 
and /2.8 X 1^ = 7^92; - hence, the inhabitants of 
Philadelphia are carried 690 geographical miles, or 
792 English miles per hour, by the revolution of the 
earth on its axis 

2. At what rate per hour are the inhabitants of Pe- 
tersbui;g carried by the revolution of the earth on its 
axis from west to east? 

3. At what rate per hour are the inhabitants of the 
following places carried bj the revolution of the 
earth on its axis from west to east? 

Cairo Moscow Buenos Ayres Washingtos 

Vienna Bergen Quito New-York 

Conception London Stockholm Cadiz, 



PROBLEM XVI. 

The hour of the day being given at any places te find 
what hour it is at any other place. ' 

RULE. 

Bring the place at which the hour is given to the 
brass meridian, and set the index of tiie hour circle 
to 12;* turn the globe on its axis, the nearest way, 
till the other place comes to the brass meridian, and 
the hours passed over by the index, will be the dif- 
ference of time between the two places. If the 
place where the hour is sought lie to the east of that 
wherein the hour is given, 3ie hour there is the iiif- 



*It matters not what hour the index is set to, bat 12 is the most 
mveDient. On some globes the brass meridian seires as an 
udez. 



f 
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fference of lime l&ter than the giyen hour; but if it 
lie to the west, it is the difference of time earlier. 

Or, find the difterence of longitude in degrees 
between the two places, (bj Prob. VI.) which turn 
into time Ir^ dividing bj 15* for hours, and the re- 
mainder, if anj, multiply*bj 4 for minute's. The 
difference of longitude in time, will be* the difference 
of time between the two places, with which proceed 
as above. 

Note. The rules given by some authors for the 
solution of proWems, wherein the hour circle is 
used, are not general, but only answer for some 
particular hour circle. This rlile and ail succeeding 
ones are general, and they will answer any hour cir- 
cle whatever. . 

EXAMPLES. 

1. When it is nine o'clock in the morning at 
Philadelphia, what hour is it at London? 

Ans, The differeiice of time between the two pla- 
ces will be found to be 5 hours; and because London 
lies to the east of Philadelphia, it is 5 hou^a, the 
difference of time later there; that is, it is two o'clock 
at London in the afternoon. Or, the difference' of 
lon^tttde between the two places is 75^ 13', which, 
divided by 15, give» 5 hours, 52 seconds, the differ- 
ence of time; and since London lies to. the east of 
Pliiladelphia, the clocks there are 5 h. 52 sec. 
faster than those at Philadelphia; hence, when it 
is nine o'clock at Philadelphia in the morning, it is 
52 seconds past two in the afternoon at London^ 

S. When it is eleven o'clock in the morning at 
Lisbon, what is the hour at Washington? 



^M» 



* HecatiBe24 is contwned in 360,15 times; therefore 15 dejg^rees 
diSei*ence ot longitude is equal to ooe hour, aad cfmaequeutly one 
degree is equal to foarmioutes of time. 

7 



< 



-74 PROBLEMS PERFOttME6 BY, 

S. When it ta wi^Bight at Mexi^ what kour is it 
at CtBtonP 

4. When it is one o'clock in th& morning at Ma- 
dras,, wbat^bour of the daj is it at Baltimore? 

5. HoM^ muoh are the clocks (rf New-York slower 
ihsA those of ConstantinofdeP. 

6. Wlwther arethe clooks of Buenos Ajrea faster 
or slow^ thsji those of Annap€4is9 and how much? 

7. W hen it* is half past ten o'clock in the after- 
noon at Charles^n, what is the hour at Madrid? 

.8. Mr watdi being well regulated when I left 
Amsterdam^ but when I arrived at Havana, it waa 
5 hours and 40 minutes faster than the clocks there. 
How much did it gain or lose during the Voyage? 

9. When the sun wants 3 hour^ 15 miniites, of 
coming to the' meridian of Boston, what time has 
elapsed since he came to the meridian of Paris on 
that day? 



PROBLEM XVII. ^ 

Tkt kour of the day being given at any place ^"^ to Jmd 
all 'those places on the globe where it is any other 
given hour, 

RULE. . * 

Bring the given place to the btass meridian, and 
set the index of the hour circle to 12; then, if the 
hour at the required places be earlier than. t)ie hour 
at the ^ven place, turn the globe on its axis east- 
ward, till'tlie index has passed over as many hours 
as are equal to the difference of time between the 
hour at the given place, and the hour at the requir- 
ed places; but if trie hour at the required places be 
later than the hour at the ^ven place, t^ni the ^obe 
westward, on its axis, till the inde^ has passed over 
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« 

^ as many hours as are ecjual to the same difference of 
time; and in each case, all the places required will 
be foiind under the brass meridian. 

Or, reduce the diflference of time between *tfae hour 
at the given place and the hour at the required places 
into decrees, by allowing 15 degrees^ an hour. 
The diflSrence of time in degr^s, will be the differ- 
ence of longitude between uie given place and the 
required places; then, if the hour at Ae required 
places be earlier than the hour at the given place, 
the required places lie so many decrees to?^he west- 
ward of the given place as are equal to the difference 
^ longitude; but ii the hour at the required places be 
later man the hour at tiie given place, the required 
places lie so many degrees to ^e eastward of the 
given place as are equal to the difference ^f longi- 
tude.* 



* A thorcMi^h underatandiog^-of diis problem and aU others^ 
wherein time is concerned, depends on a coireet idea of die rota- 
tion of the earth on its axis, from west to east. Let us conceive the 
sun fixed at an immense distance from the earth and over the me- 
Alian of Philadelphia; new, when the sun was over the meridian 
of any other place situated I j^ degrees eastward of Philadelphia, 
the eafth must have turned on its axis eastward IS degrees, or the 
24th part of one rotation, eqaal to one hour of time, to brinj^ him 
to die meridian of Vhiladefphia; consequently, when it is noon ^t 
Philadelphia, it is one hour past noon, or one o'clock at all places 
situated 15 degrees eastward of Philadelphia, and at all places 90 
degrees eastward it is two o'clock, &c. Also, when the sun is .over 
the meridian of those places situated ISTle^rees westward of Phita- 
delphiai the earth must have tunned on. its axis 15 degrees east- 
ward, equal to one hour oi' tune, to bring bin; there, since he was 
over the meridian of Philadelphia; consequently when it is noon at 
Philadelphia, it wants one hour to libon at all places situated 19 de- 
grees westward of it, or, when it is twelve o'clock at Phihidelphia, 
It is eleven o'clock at all places situated 15 degrees westward of it, 
and ten o'clock at^ those places situated 30 degrees west vvard of 
It, 8ie. 
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XSAMPLES. 

1. When it is nine o'clock at Philadelphia in the 
morning, at what j^aces is it half past lour in tbe 
afternoon? • 

•Sns* The difference of time between nine o'clock 
in the morning and half past four in the afternoon, 
is 71 houm, and the time at the required places is 
later than at Philadelphia, the given place; therefore 
thej mutt lie to the eastward of it. Bring Philadel- 
phia to the brass meridian, and set the inuex of the 
nour circle to 12, then bj turning the globe west- 
ward till the index has passed over 7h hours, jou 
bring those places to. the brass meridian, which lie 
eastward of Philadelphia, and have the hour of tbe 
day 7i hours later tnan at Philadelphia. All the 
places of note under the meridian are Moscow,' 
Aleppo, &c.: 

Or, the .difference of time between Philadelphia 
and the required places, is 7 hours, 30 minutes,^ 
which multiplied bj 15 produces 112** 30', the dif- 
ference of longitude between Philadelphia and tke 
required places; and, since^the hour at the required 
places is later thaii the hour at Philadelphia, the 
given place, thev must He 1 12® .30' to the eastward 
of it. Hence, all places situated 112® 30' eastward 
of Philadelphia, are those required, and thej.will be 
found to be Moscow, Aleppq, &c. 

2. When it wants 7 minutes to one o'clock in the 
afternoon at Paris, where does it want a quarter to 
nine o'clock in the morning? 

^ns. The difference of time between Paris and 
the required places, is 4 hours 8 minutes, and the 
time at the required plaices is earlier than that at 
Paris; therefore, the required places lie 4 hpurs 8 
minutes westward of Paris. Bring Paris to the brass 
meridian, and set the index to 12, turn the globe on 



its axis eastward, because the required places li6 to 
the :nre8tward of the given place, till the index has 
fMissed over 4 hours 8 minutes,* the difference of 
timei then all places under the brass meridian are 
those reauired, and tiiej will be found to be Barba- 
does, Falkland Islands, &c. 

3. When it wants a quarter to nine o^clock in the 
morning at Constantinople, where is ft noon? 
' 4. Wheif the sun comes to the meridian of Green- 
wich, wheice is it but 20 minutes past five o'clock in 
the ,morning? 

5. When it is a quarter past noon at London, 
what inhabitants of the earth have midnight? 

6. When it is 20 minutes past noon at Bublio^ 
where is it two o'clock in the afternoon? 

7. A ship in 45 degrees north latitude, and the 
mariners havine lost all reckoning with respect to 
longitude, but from a correct celestial observation 
found it half past ten o'clock in the morning, when 
it was hut a quarter past nine by a good time-piece, 
which sho^ the hour at Plnladelphia. Required the 
longitude of the ship. 

&« The clocks «f a certain^ity in the western con- 
tinent, are 5 hours 11 minutg^ slower than the clocks 
of London; required that citj. 



* If the hour circle be not divkied into parts lew than a quarter 
of an houPa turn the globe eastward till the index has pasted over 
4 houni then by taming it two degrees more to the east (reckon* 
iog CD the equator) answering to 8 minutes of time, you will hav« 
the 8oluti<ui very exact* Or, for anv number of minutes whicl^ 
cannot %e reckoned on the hour circle, turn the globe ai miuiy do* 
gfteeaas will comesj^d^rith that number of m i n uln rs i 
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PROBLEM XVin. 

Ti^Jmd the sun^s longitude, or his place in the ecKf-^ 
tiCf and his declinati(m,for any given day*. 

RULE. • > 

Find the ^ven day in the circle of months on the 
horizon, a^inst which, in the circle of Agns, are 
the sign and de^ee in which the sun is for that day* 
Find the same sign and degree in the ecliptic on the 
•globe; bring the degree thus found to that part of thr 
brass meridian which is numbered from the equator 
towards the poles, the degree above it on the brasa 
meridian is the sun's declination north or soutii, ac- 
cording as it is on the north or sou£h side of the 
equator. 

Or, by the ^nalemma,* Find the day of the 
month on the analemma, and bring it to that part 
of the brass meridian which is numbered from the 
equator towards the jl^les, the degree above it on 
the brass meridian is |^e sun's declination. Bring 



• The analemma on the.g1obe is a nairow *trip painted on aome 
vacant part of it, trom^ the tropic of Cancer to the tropic of Capri- - 
oom. It is divided into two parts, by a straight line^ drawn throogli 
the middle from one end to the other. The right hand part com- 
m< nces at the winter solstioe, or December gist, and is divided 
into months and days of the months towards the summ^ solstice 
or June 21st, correspondent to the sun's declination for every dar 
in that halt of the year. The left hand part oommenees at the 
aommer solstice, and is divided similarly to the right hand uart 
towards the winter solstice. On -Cary's globes the analemmare- 
sembles the fi|ore J, and it must have been drawn in this shape for 
tfiepurposootshewiog the equation of time. 



that |Nurt*of the ecliptic which coiTesponds with the 
'day of the month, to the brass meridian, and observe 
what deeree of. it passes under the degree of the 
Ann's declination; that degree of the ecliptic will be 
the sun's longitude, or place in the ecliptic, for the 
g^ven daj. 

EXAMPLES. 

1. What is the sun's longitude and declinatiea, 
en the 10th of May? 

' Jin^. The sun's longitude is 20 degrees in 8 9 de- 
clination I7i degrees N. ... 

2. Required the ^un's place in the ecliptic and hi^ 
declination on the 11th of October. 

3. Required the sun's longitude and his declimtr 
tion on tne following days: 

J^uary 14 April sa July SI . - October 8 
February 26 May 7 Augustus November 19 
March^l8 June 10 September 2 December Sik 



PROBLEM XIX. 

To show the comparative lengths of the days and 
nights at the equinoxes^ at the $Ufnmer solstice f 
aim at the winter solstice^ 

1. Ibr tlie Equinoxes. At the time of the e^ui« 
noxes the sun has no declinatioo, being at that time 



* If the sun's declination be north, and increasing, the san*s 
longitude will be semewhere between Aries and Gsncer, and that 
part of the eeliptic must be brought to the brass meridian f but it 
Otoreasing, the longitude will be between VAtioer and Libra. If 
the sun's declination be south, and increasing, the sun's longitude 
will be between Libra and Capricom; but if decreasing, Uie longi-, 
tode wiU be between Caj^rioom and Aries. 
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Ib the e^yiiHMsttal in the heateiiB, which is tn ktt- 
Hginary ime standing vertically over the equator on 
the earth; therefore, place the two poles of the 
globe in the horizon, and soppose the sun to be fixed 
at a considerate distance mm the globe, in thft 
part of the equinoctial in the heavens, which stan^ 
vertically over that part of the brass.meridian which 
is marked 0. Now, it is evident that the wooden 
horizon will be the boundary of light and darkness 
«n the globe, and that the upper hemisphere wUl be 
' enlightened from pole to pole. 

If you bring any pli^ce to the western edge of the 
horizon, the 'meridian pas^ng through that place, wiH 
cmncide with the western semicircle of the hi^izon, 
, and the sun will appear to be f ising in the east to all 
places situated ou that meridian; and to all places «tu- 
ated on the opposite meridiai^, which coincides with 
the eastern seinicircle of the horizon, be will i^ 
pear to be setting in the west; turn the globe gen* 
tiv on its axis towards the east, and to the different 

S faces* which successively enter . the enlightened 
emisphere^ the sun will i^pear to be rising, and to 
those which enter the dark hemisphere, he will ap- 
pear to be setting. All the parallels of latitude 
north and south of the equator, are divided into two 
equal parts by the horizon; that is, all the diurnd 
arcs are equal to all the nocturnal arcs; therefore, 
it follows, that in turning the globe once round on 
it% axis from west to east, every place on its surface 
will be the same length of time on the enlightened 
hemisphere as in {he dark hemisphere; consequent^ 
jly, at the time of the equinoxes, tne days and nights 
are equal or twelve hours each all over the worloV 

S: Ihr the Summer Solstice. The summer solstice, 
to the inhabitants of north latitude, happens on the 
Stst of June, when ^e sun enters Cancer, at which 
time his declination is 23^ 'SS- north. Elevate th^ 
nortji pole S3i degrees above the north point of the 
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horizoii, iHitig the be^nntng of Caneer in Ae eclip- 
tic to the brass meridian, and over that degree of the 
brass meridian^ uader which the beginning of Can- 
cer stands, suppose the snn to be nxed at a consi- 
derable distance from the elobe. While the globe 
remains in this position, the horizoh ivill show the 
boundary Of light andjdarkness, and to all places 
in the western semicircle of the horizon, the sun 
will appear to be fising; and to all places- in the 
eastern semicircle of the horizon, he will -appear to 
be setting. 

The plabes of all the parallels of latituAe are parallel 
to one another, because each of them is parallel to 
the plane of the equator, and all these planes of cir- 
cles from the Arctic circle to the Antarctic circle 9 
will be cut obliouelj bjr the plltne of the horizon, 
which touches tne Arctic circle and diametrically 
opposite touches the Antarctic circle, soathat from 
the equator northward, as far as the Arctic circle^ 
the diurnal arcs or those above the horizon, will ex- 
ceed the nocturnal arcs, or those below the horizoBlf 
hence, the lenscth of the day exceeds the l^n^ of 
the night; and all the parallels of latitude within the • 
Arctic circle will be wholly above the horizon; con- 
sequently, those inhabitants will have no night. 
From the equator southward, as far as the Antaictic 
circle, the nocturnal arcs will exceed the diumai 
arcs, so that the length of the nieht exceeds the 
length of the day; ana all the parallels of latitude 
within the Antarctic circle, will he wholly below the 
horizon; therefore, the inhabitants (if any) will have 
twilight or dark night* 

If we take any parallel of latitude north of the 
equator, anj) compare it with that parallel of lati- 
tude, which is the same distance south of the equa- 
tor, as it is north, we will find that the diurnal arc 
of the northern parallel, is equal to the nocturnal 
arc of the ^outl^nr pacallelj and the nocdtuia^al arc 



^ 
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of the npr^ern ))ara1lel, equal to die diovnal ftre of 
the soQthern parallel; consequently, wben the iidm- 
bitaitits of north latitude Have the loagest day, ^Mfe 
in south latitude have the longest night; and whU 
the inhabitants of north latitude have the ^olliit 
night, tliose of south latitude have the shortest it^p 
The days at the equator are always lS*hours loi^;, 
because it is divided into two equal parts by we 
horiiwH, making the diurnal arc equal to the noctof' 
nal arc. 

S. Forjke Winter Solstice. The winter solstic^, 
to the inhalfttant^ of north latitude, happens on the 
tllst of December, when the sun enters CapricorA, 
at which time his dieclination is S3° £8' soutn. fi^- 
Yi^ite the south pole 2ds degrees above the southiem 
j^int «ir the horizon, bring the beginning of Capri- 
corn to the brass meridian, andf over that degree of 
the bras* meridian under whteh the beginning* ' 
Capricorn stands, suppose the sun to be fixed 
considerable distance from the gl(^. Now, as 
^ihe suiiimeV solstice, the horiii&on will show the boun- 
dary of light and darkness, and to all places in the 
western sei^^cirde of the horiEon|>the sun will ap- 
pear to be rising; arid to all places in the eastern 
semicircle of the horizon, he will appear to be sei- 
ian. 

* From the equator southward^ as far as the Ant- 
arctic circle, the diurnal arcs will exceea ^e noc- 
turnal arcs; hence, the length of the day exceeds the 
length of the night; and, ail the parallels of latitude 
wimin ^e'Antat'ctic circle, will be wholly above the 
horizon; consequently, the inhabitants (if any) will 
have no night. From the- equator northward, as far 
as the Arctic circle, the nocturnal arc| will exceed 
^e diurnal^ arcs, so that tiie length of the nisht et- 
ceeds the^lenj^th of the day; and^ all the parallels of 
latitude within the Arctic circle, will be wholly be- 
low *tlio iaorizon; thorefore the itihuibitaiits will have 
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twiii$:l)t or daHc night The inhabifants south of 
the equator v^ill now have their longest day, whife 
those north c^ the equator will have Aeir shosiest 
day. • • / 



PROBLEM XX. 

7b iltustrate the three positions of the sphere^ fdx, 
' , Bight, Parallel, and ublique. 

* 

1 . For the Right Sphere, The inhabitants of the 

equator have a right sphere, the north polar star ap>- 

• pea ring always in (o^ery near) the horizon. Place 

the two poles of the g^obe in the horizon, then th^ 

i "north pole will correspond with the north polar star, 

I and ail the heavenly bodies will appear to revolve 

I round the earth from east to west, in circles paral«- 

r lei to the equinoctial, one half of the starry heaven^ 

will be constantly above the horizon, and the othet 

half below, so that the stars will be visible for 1$ 

, hours, and invisible for the same space ol time; and» 

in the course of a year, an inhabitant upon the equar 

tor may see all the stars in the heavens. 

When the sun i& in the equinoc4ia4, he will be 
vertical to all the inhabitants on the equator, and hid 
.apparent diurnal path from east .to west, will be 
\ over that line; when the sun has XO degrees of north 
declination, his apparent diurnal motion will be 
Aearly along that parallel; and^ when he has arrived 
at the tropic of, Cancer, his diurnid path in the hea- 
vens will be over that line, and he will be vertical td 
I all the inhabitants on the earth in latitude ^3*^ 28' 
north. Now, during this apparent motion of the 
sun from Aries to Cancer, every place on the 
earth, from |he equator to the tropic of Cancer, will 
have the sun vertical^ when his declination is equal 
'. to the latitude of that pUce; and, during hi% progress 
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frpra Cancer to Libca in the ecliptic, he wiH be ver- 
tical to all the same places. In the same manner, 
the sun will be vertical to all place* from the equa- 
tor to the tropic of Capricorn, during hife apj^i^nt mo- 
tion from Liora to Capricorn; and also vertical to ail 
the same places, durine his apparent motion from 
Capricorn to Aries, Hence, the sun is vertical 
twice every year, to every place op the earth between 
the tropic of Cancer and the tropic of Capricorn, or 
to every place in the torrid zone. During one half 
of the year an inhabitant on the equator wfll see the 
sun due north at noon, and during the other half due 
south at noon. The greatest meridian altitude of 
the sUn will be 90 degrees, aj|d ^e least 66** 32!. 
I'he inhabitants on the equatorhave a right sphere, 
because the equator and all tll^ parallels of latitude 
cut the horizon at right angles, and the hpriz^n di* 
vides them into two equal parts^ making equal day 
and night* • -• ^ 

2. For the Parallel SpKere, The inhabitants "of 
the north pole ^if any^ have a parallel sphere, the 
north polar star m the neavens appearing exactly, or 
very nearly, over their heads. Elevate the north 
pole 90 decrees above the horizon, then the e'quator 
will coincide with the horizon, and all the jfHrallels 
of latitude wilfbe parallel thereto. When the sun 
enters Aries, on the $?Oth of March, he will be seen 
by an inhabitant Of the jiorth pole to skim along the 
edge of the horizon; and, as he increases, in declina- 
tion, he will increase in altitude, the altitude always 
being equal ta the declination. The sun will form a 
kind of spiral curve from the equator or horizon, till 
he arrives at the tropic of Cancer, when his greatest 
declination is SS*^ 28' equal to his greatest altitude^ 
after which time he wilF gradually decrease in itlti- 
tude as his declination decreases. When the sun 
arrives at the sign Libi^a, he will agail^ appear to 
skim along tlie edge of the horizon, after which he 
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will iotldly diflappear^ kaTing been above the horizon 
for six months; coasequentfy, the stars and planets 
will be invisible during that jieriod. Though the in* 
habitants of the north pote will lose sight ctf the sun 
in a short time after the autumnal equinox^ jet the 
twilight will cimtinue for nearly two montiis, or till 
the sun descends 18 deerees below the horizon, after 
which all the stars in me northern hemisphere will 
become visible, and appear to have a diurnal revolu- 
tion round the eartli from east to west. The planets » 
when in any of the northern signs, will be visible. 

The inhabitants under the north polar star will 
have l^e moon constantly above their horizon dur- 
ing 1< revolutions of the earth on its axis, and at 
every ftiti anoon which happens from the 2Sd of Sep- 
tember to the £Oth of March, the moon is in some of 
the northern signs^,- and consequently, visible at l!he 
north pole; for the sun being below the horizon at 
that time, the .moon must be above it, because she is 
always in that sign, which is diametrically opposite 
to the sun at the time of full moon. When the sun 
is at his greatest depression below the horizon, being 
then in Capricorn, the moon is then at her first quar- 
ter in Aries, full in Cancer, and at her third quarter 
in Libra; and as the beginning of Aries is the rising 

foint of the ecliptic. Cancer the most elevated, and 
iibra the setting point; it follows that the moon rises 
at her first qmuter in Aries, is most elevated above 
Hie horizon, and full in Cancer, and sets at the be- 
ginning of Libra in her third Quarter; having been vi- 
sible during 14 revolutions ot the earth on its axis. 
Thus the north pole is supplied one half of the win- 
ter time with constant moon light in the absence of 
the sun; and the inhabitants only lose sight of the 
mooQ from her third quarter to her first, while she 
gives but little li^ht, and of course can be but of lit- 
tle or no use to them. The inhabitants of the north 
pole have a parallel sphere, because the equator 

8 
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coincides with the horizon, and aH the parallels of 
latitude are parallel thereto. 

3. For the Obliqtse Sphere. Elerate the north or 
south pole, acconling as the latitude is north or 
south, so many decrees above the horizon as are 
equal to the latituc^; and, if the globe be placed 
north and south bj a compass, it will hare exactly 
ihe same position, with respect to the heavens, as 
our earth has in that latitude; the axis of the globe 
will be parallel to the axis of the earth, and the north 
pole of the globe will point to the north polar star in 
the heavens. On the equator, the north polar star 
appears in'the horizon; m ten degrees of north lati- 
tude it will be ten desrees above the horizon; in 
twenty degrees of norui latitude it will be twenty ' 
degrees above the horizon; and so on, always increa- 
sing in altitude as the latitude increases. ' The plane 
of the wooden horizon will be .parallel-to the plane of 
the rational ^horizon of that latitude. 

The meridian altitude of the sun may be found for 
any day by counting the number of degrees from the 
parallel in which the sun ia^on that day to theliorizon, 
upon the brass meridian. Every inhabitant of the earth 
has an oblique sphere, except those who live upon the 
equator, or exactly at the poles, because the horizon 
cuts the equator obliquely,, and has the days and 
ni^ts of unequal lengths, the parallels of latitude, 
being divided into unequal parts by the rational hori- 
zon. 
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PROBLEM XXI. 

Aif\f^^ day being given, to find all those places of the 
^ <• earth where the sun* m vertical on that day, 

RXTLE. 

Find the sun's declination (by Prob, XVIII.) for 
the ^ven daj^ turn the globe round on its axis from 
west to east, and all the places on the globe, which 
pass under the degree of the sun's declination on the 
brass meridian, will have the sun vertical on that 
day. 

Or, by the Analemma. Find the giyen day on the 
analemma, and bring it to the brass meridian, the 
degree above it is the sun's declination; with which 
proceed as above. 

BXAMPLE8. 

1. Find all those places of the earth where the 
mm is vertical on the 17th of May. 

Ans, Mexico, the north- part of St Domingo^ 
O-whVjhee Island, Bombay Island. &c. 

2. What inhatntanta oi the earth have the sun 
vertical on the 25th of October? 

S. What inhabitants of the earth have no shadow 
at noon, on the 27th of April? 



* It* it be required to find thoae places vhere the moon will be 
▼ertieal on any p9en day, find tne moon's deelinatioo for the 
giTen daj, in the Nautical Vlmanac, and observe it on the brass me- 
ridian, all places passing under that degree of deelioation, will 
have the moon tertieal, or nearly eo, on the giTen day. 
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4. Whlut inhabitants of ihe earth have the sum 
vertical on the following days? 

June 21 March $0 August 31 January 7 

Septem. 23 May 11 October 17 February 19 

Decern. 21 J uly 39 Novem. 23 April 30. 



PROBLEM XXII. , 

TTiefHonth and day of the month being given^and the 
hour of the day at any place^ to find where the sua 
is vertical at that instant. 



&UI.E. 

Find the sun's declination (b^r Prob. XVIII.) bring 
the place at which the hour is eiyen to the brass me- 
ridian, and set the index of the hour circle to IS; 
then, if the given time be before nodn, turn the globe 
westward, till the index has passed over as many 
hours as it wants of noon; but, if the-^ven time fale 
past noon, turn the globe eastward, till the index 
nas fMissed over as many hours as it is past noon; in 
each case, the place exactly under the decree of the 
sun's declination on the brass mendian, will be that 
required. 

SXAMPLES. 

1. When it is 40 minutes past one o'clock in tbe 
afternoon at Philadelphia, on the iTth of May, where 
is the sun vertical. 

Ans. The given time is one hour 40 minutes past, 
noon; hence, the globe must be turned towards the 
east, till the index has passed over one hour 40 mi- 
nutes; then under the sun's declination, yon will 
find Mexico, the place required. 
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3. When it is 48 minutes past 6 o'clock in the 
morning at Paris, on the ^th of April, where is the 
8UU vertical? 

AnB. The given time is 5 hours 12 minutes before 
noon; therefore, the globe must be turned towards 
the west, till the index .has passed over ,5 hours 12 
minutes; then under the snn's declination, you will 
find Madras, the place required. 

3. When it is 45 minutes past 4 o'clock in the 
afternoon at Dublin, on the 24th of October, where 
is the sun vertical? . 

4. When it is 8 minutes past 4 o'clock in the af«- 
ternoon at London, on the lath of April, where is 
the sun vertical? 

^. When it is midnight at Washington on the 
S6th of Marqh, where is the sun vertical? 

6. When it is noon at Baltimore on the 11th of 
Alaj, where is the sun vertical? 

7. When it is 50 minutes past 2 o'clock in the af- 
ternoon at London, on the 2nd of January, where is 
the sun vertical? 

8. When it is 15 minutes past 5 o'clock in the 
momins, at Rome, on the 2lst of June, what inhabi- \ 
tants of the «arth have noon, but no shadow? 

9. When it is 47 minutes past 7 o'clock in the 
morning at Washin^pn, on the. iSth of October, 
where is the sun vertical? 

10. When it is 2 o'clock in the morning at Wa^h- 
ington^ on the 26th of Maj, where is the sun vertical? ^ 
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JPIiOBLEM XXIIL 

The $mnth, i%» mid hour rf the dtxy eU mny ptmee 

. being gwen, to find aU those places rf the earth 

where the sun is rising j those plaees where he It 

settings those places thai have morning iwilighiy 

and &08e places that have evening tmhghL 

Find the sun's declination (by Prob* XVIII.) and 
elevate the north or south pole, according, as the de.- 
eli.ation is north or douta, so manj" degrees abore 
the horizon^ as are equal to the sun's declination; 
bring the given place to the brass meridian^ and set 
•&e index of the hour circle to IS; then, turn the 
^lobe eastward or westward, accordins as the given 
lime is past or before noon, till the index has passed 
ovei* ^as many hours as it is past or before noon; 
screw the quadrant of altitude on the brass meri- 
dian over the degree of the sun's declination, and ~ 
let it pass between the globe and the horizon; keep 
tike globe in this position; then^ all places along; the 
western edge of the horizon will have the sun rrsing; 
those alone the eastern edge will have the sun set- 
ting; all places below the western edge of the hori- 
zon, within 18 degrees, shown by the quadrant of 
altitude, will have morning twilignt; and, all places 
below the eastern edge of the horizon, within 18 
de^ees, shown bj the quadrant, will have evening 
twilight* 
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EXAMPLES. 



1. When it is 30 minutes past 10 o'clock in the 
morning at Madrid, on the 17th of Maj, find thpse 
places tnat have the sun rising, those that have the 
mil setting, those that have morning twilight, and 
those that nave evening twilight. 

^n8. The sun is rising at Lexington in Kentucky, 
Port Royal in Jamaica, Carthagena in Terra Firm^, 
^c. Setting at Batavia in Java, the eastern parts 
of China, &c. Morning twilight at the western 
parts of South America, Louisiana, &c. And even- 
jBig twilight at Japan, Luzon, Borneo, ^« 

2. When it is SQniiitttes past 8 o'clock in the 
^onung at New-York^ on the 26th oi December, 
where is tfie sun rising, settkig, &c.P 

S. When it is midflight on the 1 1th of January at 
WashinrUMi, where is the sun rising, &c.? 

4. Wnen it is no(« at Baltimore on the 25tK of 
April, wbere is the sun rising, &e.P 

5. When it is 8 o'clock in the afternoon at Na^ 
pies, on the 21st of June, where is the sun rising, 

&c.? 

6. When it is 15 ininutes past 4 o'clock in the af- 
ternoon at Petersburg, on the 17th of November, 
where is the sun rising, 8tc«? 

, 7. When it is 11 o'clQck in th^ mominjg at I^on- 
don, on the 33rd of September, where is the sun 
rising, &c^ 

8. When it is noon at Washington on the l£th of 
Kov«mber> where is the sun risings &ci 
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PROBLEM XXIV. 

The month and day of the month being givm^ tojmd 
aU those places of the earth where the sun does not 
set^ and those fiaces where he does not rise on the 
given day* 

RULE* 

Find the sub's decUnation (by Prdb. XVIII.J cler- 
vate the north or south pole, according as the aecli- 
nation is north or south, so many degrees above the 
horizon as are e<]ual to the sun's declination; turn 
the globe on its axis from west to east; then, to those 
places which do not descend below the horizon, near 
the elevated pole, the sun does not set on the given 
day;* and to those places near the depresised pole, 
which do not ascend above the horizon, the sua does 
not rise on the given day. 

EXAMPLES. 

1. Find all those places of the earth where the 
sun does not set, and those where he does not rise, 
on the 6th of June. 

Jins. The sun's declinaiion on the given day is 22i 
degrees N. Elevate the north pole 22| degrees 



• When Ae pole ii elevated to the sun's deelinatkni, the hori- 
zon shows the boundary of light and darkness; oonseqnently, to 
that plafie which does not descend below the horizon, during one 
revolution of the earth on ito axis, the sun uoes not set; and tl^ in- 
haoiunts will have their shadows directed to ereiT point of the 
compass in the course of J24 hoars. 
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above the horizon, turn the globe round, and all 
places within 22| degrees of the north pole, will not 
descend below the horizon; therefore, the inhabitants 
of those places will have constant day, or to them 
the sun does not set (being constantly above their 
horizon) for several revolutions of the earth on its 
axis. And, because the north pole i& elevated 22| 
decrees above the horizon, the south pole is neces- 
sardy depressed 22| degrees below the horizon; con- 
sequently, to the inhabitants of those places within 22 J 
degrees of the south pole (if there be any such inhabi- 
tants) the sun will not rise for several revolutions of 
the earth on its axi^. 

. 2. Find all those places where th6 inhabitants 
have constant day on the 20th of July, and those 
places to which the sun does not rise. 

3. Does the sun shine over the north pole on the 
20th of May? And to what inhabitants is he con- 
stantly visible for several revolutions of tlie earth or 
its axis? 

4. What inhabitants of the earth have their sha- 
dows directed to every point of the compass, during 
a revolution of the earth on its axis, on the 131h of 
June? 

5. How far does the sun shine over the south pole 
on the 4th of January? And what places are in per- 
petual- darkness? 

6. Is the sun visible at the North Cape on the 2l8t 
rf November? 

7. How fer does the sun shine over the north pole 
on the 1 8th of Aprrilr 

8. Is the sun visible in 75 degrees south latitude 
on the idOth of May? , 
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PROBLEM XXV. 

Any day between the SOth o^ March omf the ^Ut (f 
Jtine^ or between the ^Srd of September and the ^Ist of 
December being given^ to find those places at whiA 
the sun begins to shine constantly without settings and 
those places at which he begins to be totally absent. 

auLB. 

Find the sun's declination (bj Prob. XVIII.^ count 
on the brass meridian from the north or soutn pole, 
according as the declination is north or south, as 
many degrees as are equal to the sun's declination, 
and observe the degree where tiie reckoning ends; 
turn the globe round on its atis^ and all places pass- 
ing under that degree, are those at which the sun be- 
gins to shine constantlj without setting at that time; 
and all places than pass under the same number of 
degrees from the opposite pole, are those at wl^ck 
the sun begins to be totally absent. 

EXAMPLES. 

I. At what places does &e sun begin to shine con- 
stantiy without setting, during several revolutions 
of the earth on its axis, on the 17th of May; and at 
what places does he begin to be totally absent on the 
same day? 

Ans. The* sun's declination is 19$ degrees N. 
hence, at all places in latitude 70i degrees N. the 
sun begins to shine constantiy without setting, viz. 
at Waygate Island in Davis's Straits, at Fisher's 
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Island, &c. and in latitude 70i S. he begins to be 
totally absent. 

2. In what latitude does the sun b^n to shine 
«(»istantlT without setti^ on the T^th of NoYember, 
and at what places does he begin to be totally ab- 
sent? 

S. In what latitude does the sun begin to shine 
without setting on the srth of April, and in what 
latitude is he bennning to be totally absent? 

4. At what place is the sun beginning to be to- 
tally absent on the 14th of November? 

5. Where does constant dajr commence on the 
16th of April, and in what latitude does constant 
twilight or darkness begin? 

6. At what place does the sun begin to shine with- 
out setting on the Srd of June? 



PROBLEM XXVL 

Jlny place in the torrid zone being given, to find on 
what tUH) days of the year the stm unll be verticai 
at that place. 

nuLB. 

Find the latitude of the ^ven place (by Prob. I.) 
turn the fflobe on its axis, and observe what two 
points of uie ecliptic pass under that degree of lati- 
tude on the brass meridian; find those points of the 
ecliptic in the circle of signs, on the norizon, and 
exactly against them, in the circle of months, stand 
the days required. 

Or^ bv the Antdemma. Find the latitude of the 
given place, and bring the analemma to the brass 
meridian, upon which, exactly under the latitude^ 
will be found the two days required. 
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EXAMPLES. 

I 

1. On wkat two days of the year will the son lie 
vertical at Mexico? ^ 

Sns. On the 17th of May, and on the 25th <rf 

July. 

2. On what two days of the year will the sun be 

vertical at Lima? 

3. On what two days of tiie year will the sun i>e 
vertical at Madras? 

4. On what two days of the year will the sun 'l)e 
vertical at the following places? 

Cambodia St Helena Paraibo Carthagena . 
Bombay I. St. Matthew's I. Quito Kingston 

Batavia Gondar 0-why-hee Domingo. 



' PROBLEM XXVIL 

To find the time of the sun^s rising and sttHng^ 
and the length of the day* and night at any place. 

RUL£.t 

Find the sun's declination (by Prob. Xyill,) and 
elevate the north or south pole, according as the de- 

* The length of the longest or shortest day at any [daee not in 
the frigid zones, may be found: for the longest day in north lati" 
tude IB on the ^st of June, and the shortest on the 8Ut of De- 
oember; and the longest <Iay in- south latitude is oa th« 21^ <Jf 
December, and the shortest on the i21st of June. 

■f- Ft«i& the following obtervationa, the reason <^ these rules is 
«bviotts. 

1. When the pole is elevated for the sun's declination, the sun 
ii supposed to he fixed, and the earth to move on its axis frooa 
vest to east: the horisoD > shows the boundary of lig^t and dark- 
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clination is north or south, ag manj decrees 9hore 
the horizon as are equal to the sun's aecUnation; 
brin^ the given *place to the Inrass maridian, and set 
the index of ,the hour circle to 12; turn the globe 
eastward till the given place comes to the eastern 
edge of the horizon, and the number of hours passed 
over by the index, will be the time of the sun's set- 
ting: deduct these hours from 1£, and the remainder 
will be the time of the sun's rising. Double the 
time of the sun's setting gives the length of the day, ' 
and double the time of nis rising gives the length of 
the night 

Or, find the latitude of the given place, and ele- 
vate the north or south pole, according as the lati- 
tude is north or south, so many degrees above the 



neM. Tura the gUbe on its axis till any place eomcs to the brass 
meridian, then at that place it will be noon; continue the motion of 
the globe till the same place comes to the eastern edge ot* the ho- 
rixoB, then at tliat place the sun will be setting; hence the number 
of* hours passed over by the index, from the time that that place was 
At the brass meridian, till it came to the eastern edge of the hori- 
zon, is the number of hours elapsed from noon at that place, tilt 
uh-setat the 88me place, that is the time of the sun' . setting} if tlie 
same place be brought to the western edge of the horizon, then at 
that place the sun wilt be rising! and in turning the globe round, 
the index will have passed oyer as many hours, when that place 
comes to the brass meridian, as it will pass over from the time 
that the same place leaves the brass meridian, till it comes to the 
eastern edge of thehorizon; because the arcs of all the parallels of 
latitude above the horizon, are bisected by the brass meridian} 
lience, the son rises the same number of hours befere noon 
tliat he sets after noon; consequently, the time of the sun*s set- 
ting deducted from 13 gives the time of his rising; and, douf>le 
the time of the sun's setting gives the lengtli of the day. And, 
•ince Ithe sun sett the same number of hours after noon that he 
rises before noon, he must necessarily set the same number of 




pole is elevated for the latitude of the plaee, the 
earth is supposed to be fixed and the sun to move round it from 
«ast to wjsst. Bring any place to the brass meridian, and elevate 
the pole for its latitude, then the wootlen horizon is the true ra- 
tionai horizon of tltat place. Now, if wesnppose the aan to move 

9 
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horizon as are equal to the latitude; find the snn^s 
place in the ecliptic (by Prob. XVIIIO bring it to 
the brags meridian, and set the index of the hour cir* 
e to 12; turn the globe westward till the sun's 
place comes to the "western edge of thfe horizon, anjl 
tlie number of hours parsed over by the index will 
i>e the time of the sun's ^setting; with which proceed 
-as above. 

Or^ hy the Ancdemma. Elevate the pole for the 
latitude of the given place, bring the day of the 
month on the anal^mma to the brass meridian, and 
set the index of the hour circle to 12; turn the globe 
westward till the day of the month on the analemma 
comes to the western edge of the horizon, and the 
number of hours passed over by the index, will be 
the time of the sun's setting, &c. 



fi-om eftst to west aUmg that parallel of latitude which panes throogb 
his place in the ecliptic, he will be rising bX. that place which we 
brought to the bi-ass meridian, w*hen he enters the eastern edge of 
the horicon; it will be noon when he arrives at the bvaim meridian; 
and, he will be setting when he enters the western edge of the hori- 
zon. And, betmuse the brass meridian and horizon remain fixed, this 
supposed motion of the sun can be shown by bringing the sun '9 place 
in the ecli{>\ic on the globe, to the eastern edge of the horizon, and 
turning the globe on^ts avis towards the west, till his place comes 
to the brass nteridian, and to the western edge of tlie horizon; 
tlierefoi*e, if the sun's place in the ecliptic for any day be brought 
to the brnss meridian, the number of houi*s passed over by the m- 
ilux. in turning the t>;lobe round, till tlte sun's place coiues to the 
western edge of tl^' horizon, will be the lime of the sun's setdng 
on thj>t (lay at that place for which the globe is rectified. 

3. \Vhen the pole is elevated for the latilude of the place, and 
the day of the month on the analemma brought to the brass meri- 
dian, the index will pass over as many hours, in turning the globe 
round, till the day of the month on the analemma comes to th« 
western edge of the horizon, as it will pass over from the time that 
the sun'6 place in the ecliptic for that day leaves the brass meridian, 
till it comes to the western edge of Xhe hocizon; because, the day erf' 
the month on the analemma, and the sun's place in the ecliptic for 
that day, are at the same distance ffora the equAtor, and conse- 
quently on the same parallel of latitude. 
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Note. Of the following, viz. the time of the sun's 
setting, the time ot his risings the length of the day, 
and the length of the night; any one being given, the 
others may be easily obtained without the globe. 

• 
* 

* EXAMPLES. , 

1. At what time does the sun rise and set at Phila- 
delphia on the 25th of May, und what is the lengUi 
«f the day ^nd night? 

^ns. The sun sets at a quarter past 7, and rises 
three quarters past 4; the length of the day is 142 
hours, andlthe length o^f the night 9i hours. 

2. At what time does the sun rise and set at 
Washington on the 17th of August, and what is the 
length of the day and night? 

3. What is.tfae length of the longest day and short- , 
est night atTTew-York? 

4. What is the length of the longest niglit and 
shortest day at New-York? 

5. How much longer is the 21 st of June at Dublin 
than at Baltimore? 

6. How much longer is the 21 st of December at 
Baltimore than at Dublin? 

7. At what time does the sun rise and set at Lon- 
don on the 27th of January, and what is the length 
of the day and night? 

8. When the sun sets at 45 minutes past 7 at eny 
place, what is the length of the night there? 

9. When the sun rises at a quarter past 4 at any 
place, what is the length of the day there? 

10. At what time does tKe sun rise and set at the 
North Cape on the 1 1th of April? 

11. Required the length of the longest day and 
shortest night at the following places: 

Quebec Charieston Liverpool Moscow 

Boston . Quito Belfast Vienna 

Philadelphia Glasgow Lisbon Naples. 



100 PROBLEMS PERFORMED B¥ 

!£• Required the length of the shortest daj anil 
longe&t night at the foUowiBg places: 
LoQdda Petersburg Aleiers Bergen 
Paris O-why-hee Caleutta Falkland Iskild^ 

Cairo Otaheite Mecca Dublin. 



PROBLEM XXVIH. 

-The month and day of the month being ^ven, ai a«y 
i place not in the frigid*' zones, to find wJuU oAsit 
day of the j/ear is of the mtne Ung^ • 

Brings tfee son's place iB the ecliptic for the given 
day (found ByT'rolJ.XVIlI.)tothttirassniendia]naiid 
> (jibberve the degree above it;, turn the ^obe round oa 
its axis till some other point of the ecliptic comes ufi- 
der the sai^e decree of the brass nierHlian; &ad this 
point of the ecliptic on the horizon, and directly 
a»ai{ist it jfou wiU find the day of the mooitih requir- 
ed. 

Or, any two days of the year, which ai^ the same 
number of days from the iofigest or shortest day, ai^e 
of equal length; therefore, whatever nvmber of days 
the given day is before the loo^st or shortest day^ 
iust so many days will the required day be after the 
longest or shortest day, and the contrary. 

Or, by the Analemma^ Find the given day of the 
month on the analemma, and directly opposite to it 
you will find the required day of the month. 



• Tbe same mar be found for any place in the fi igid zones^ 
|^yide4 the sun vm^ aud 9Cta %X^ that ^laoe od tUe ^ivea A^.^., 
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BXAlfPLES. 

1. What daj of the year is of the same length as 
llie5thofMaj? •• 

Am, The 7th of August. ' 

2. What day of the year is of the same length aa 
the 23rd. of October? 

3. What day of the year is of the same length as 
the 7th of February? 

4. What day of the year is of the same length as 
the 18th of August? 

5^ If the sun set at 12 minutes past seven o^clock 
at Washington on the 25th of May, on what other 
day of the year will he set at the same hour? 

6. If the sun rise at 48 minutes past six o'clock at 
Philadelphia on the 30th of October, on what other 
day of the year will he rise at the same hour? 

7. If the sun's meridian altitude at London, on 
the 31st of January, be 20° 53% on what other day 
of the year will his meridian altitude be the same? 

8. If the sun's meridian altitude at Lima, on the 
S4th of October, be 90 degrees, oiTwhat other day of 
the year will his meridian altitude be the same? 



«* 



/ 



PROBLEM XXIX. 

Tb/mt the length tfthe Umgtet day ett my place 4t^ 

the north* frigid zone: 

RULE* 

Pind the oompleoient t)f the latitude of Ite giyei 
plaoe, by sulytracting its latitude from 90 d^rees; 
coupt as many degrees on the brass meridian from 
Die equator towards the north poie, as are equal to the 
complement of the latitude, and mark where the 
^reckoning ends; turn the ^obe on its axis, and ob- 
serve what two points of me ecliptic pass uiuler the 
ri>oye mark; find those two points ai the ecliptic m 
the cir^cle of signs on the horizon , and exacuy op- 
posite to fhem, in the circle of months, you wul 
find the days on which the longest day begins and 
ends. The day preceding ^e 31st of June is that 
on which the longest day negins, apd the day follow- 
ing the ^Ist of June Is that on which it ends; 1b|^ 
number of days between these days will show mb- 
length of the longest day at the given place^ 

Or, by the Jlncuemma Count as many degrees on 
the brass meridian from the equator towards the 
north pole, as are equal to the complement of the 
latituae of the eiven place, and mack where the 
reckoning ends; bring the analemma to tiie brass 
meridian, and the two days which stand under the 
above mark, will show the beginning and end ^ 
the longest day. 



* The lame may l|e found for the south frigid zone; but, since 
that zone is uninhabited, we shall confine our practice entirely (o 
the north frigid cone. 
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BXAMPL£S. 



1. What is the length of the leii^eet day at the 
North Case, in iatitude 7P BO' north? 

•/fiw. Tne complement of the latitude is IS"* SO'; 
the Longest daj will be found to begin on the 14th of 
if a J, aad end on. die 50th of Julj; thereCiM'e, ihe 
lengtii of the loilgest day is 77 days, yix. the sum 
does 9»t set daring 77 i^yolutions of the eajri^ on 
its axis« 

&• What is the length of the longest day Mi Disc# 
Island^ in Baffin's Bay, ia latitude 70^ north? 
^ 3.. What is the leneth of the lon^st day at the 
ausi'tfaeni eitrenity of^Nova ZemUa? 

4. What is the leoieth of the longest day at the 
north pole^. and on what days does it be^gin audi ' 
end? 



FfiDBLEM XXX, 

TQjkdihe kngth 9f the longest rdghtai anyplace m 

the north* frigid zone 

* RULE 

Count as many degraos on the brass meridiaii from 
the equator towards the south i^ole, as are equid to 
the complement of the latitude of the- given plaoe, 
and mm-fc where the reckoning ends; turn the elobe 
on its axis, and observe what two points oi the 
ecliptic pass under the above mark; fina those pointi 



* We may applj this problem to any place in the soath frigid 
20ne, were that zone inhabited. 
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of the ecliptic in the circle of Bigns on the horizon, 
and oppOBite to them In the circle of months, yon 
will find the days on which the longest ni^t begios 
xn<i ends. The day preceding the Slat m Decem- 
ber is that on which the lon|est night begins, and 
the day following the 2lst of Deij^mber is that on 
which It endsi^the number of days between these 
days will show the length of the longest night at the 
given place. 

Or, bv the Analemma. Connt as many'deKreet 
ontl 
wutl 
latiti 
teck 

abov' 
iongt 



theli 
and i 
in lei 
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PROBLEM XSXL 

The hngth of the day being given at any phee^ to 
find the »tmU deelinatianj md ike day of tie mclnA. 

RULE. 

firing the given place to the brass meridian, and 
set the index of the liour circle to 12; turn the globe 
eastward on its axis till the index has passed over as 
many hours as are equal to the hdf length of the 
day; keep the globe from revolving on its axis, and 
elevate or depress one of the poles, till the siven 
place exactly coincides with the eastern edge of the 
norizon; the distance «f the elevated pole above the 
.hopizon willlie the sun's declination north or south, 
aceording as the north or south pole is elevated; find 
tiie degree of the sun's declination, thuA found, on 
tiie brass meridian; turn the globe on its axis, and 
observe what two points of the ecliptic pass under 
that degree; find tnose points in the circle of sigin 
on the horizon, and exactly opposite to them in the 
circle «f months, stand the days of &e months re- 
quired. 

Or, elevate the pole for the latitude of the pUce» 
bring any meridian on the dobe to coincide with the^ 
brass meridian, and set the index to 1£; turn the 
globe eastward* till the index has passed over as 
many hours as are equal to the half length of the 
day, and observe the point where the meridian, which 



* The g^lobe m«y be turned eastward or westward; but it will be 
more conTenient to turn it eastward, because the brass meridian is 
gradaated on the east side« 



104 PROBLEMS PFHFORMED BT 

of the ecliptic in the circle of signs on the horizoa, 
and opposite to them in the circle of nionths, jon 
will find the days on which the longest ni^t be§^ns 
and ends. The day preceding the Slat of Decem- 
ber is that on which the lonseat night begins, and 
the day following the 21at of Detjpmber is that on 
which it ends;, the number of days between these 
days will show the length of the longest night at the 
given place. 

Or, by the Atialemma. Count as manyd^^^es 
on the brass meridian from the equator towarift the 
south pole, as are equal to. the complement of the 
latitude of the given place, and mark when the 
reckoning ends; bring the analemma to the brass 
jneridian, and the two days which stand under the 
above mark, will show tiie beginning and end of the 
longest night. • 

EXAMPLES. 

1. What is th« length of the longest night at the 
North Cane, in latitude 7^° 3f)' north? 
Ans. The complement of the latitude i 



in lenj^ to 73 days c 

its asis. ■ - 

% What is the length of the longest night at Noyft 
Zembia, in latitude 7(1 degrees north? 
' 3. On what day of the year does the sun set with-. 

. .:_■__ r 1 !_*: r .1. _ ___ii. __ ■•- 
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PROBLEM XSXL 



7f»€ length fif the day being given at any phee, to 
find the $tm^s decUnation, and the day oftne monlA* 



RULE. 



Brin^ the given place to the brass meridian 9 and 
set the index of the nour circle to 12; turn the globe 
eastward on its axis till the index has passed over as 
many hours as are equal to the half length of the 
day; keep the globe from reyolving on its axis, and 
elevate or depress one of the poles, till tfie eivea 
place exactly coincides with the eastern edge of the 
norizon; the distance of the elevated pole above the 
.hoFizon will1[)e the sun's declination north or south, 
according as the north or soulii pole is elevated; find 
the degree of the sun's declination, thu^ found, on 
the brass meridian; turn the elobe on its axis, and 
observe what two points of the ecliptic pass under 
that degree; find tnose points in the circle of signs 
on the horizon, and exactly opposite to them in the 
circle «f months, stand the days of tiie months re- 
quired. 

Or, elevate the pole for the latitude of Ike pl&ce» 
bring any meridian on the globe to coincide with the^ 
brass meridian, and set the index to 12; turn the 
globe eastward"^ till the index has passed over ajs 
many hours as are equal to the half length of the 
day, and observe the point where Uie meridian, which 



* The g[tobe may be tarned eattward or -westward; but it will be 
more convenient to turn it eaitward, beeause the brass meridian is 
gradttated on the aast side^ 
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you broueht to the brass meridian , is cut by the 
eastern ed^e of the horizon; bring this point to the 
brass meridian, and the degree afcSve it is the sun's 
declination; with which proceed as above. 

Or, by the Analemma. Elevate the pole for the 
•latitude of the place, bring the middle of the ana- 
lemma to the brass meridian, and set the index of the 
hour circle to 12; turn the globe eastward till the in- 
dex has passed over as many hours as are equal to 
the half length of the day; observe what point on the 
line, passing through the middle of the analemma, 
is cut by the eastern edge of the horizon, and exact- 
ly against this point, on either side of the analem- 
ma, will be found the day of the month required; 
bring the analemma to the brass meridian, and the 
degree above this day will be the sun's declination. 






EXAMPLES^ 



1. What two days of the year are each 14 hoi^rs 
lone at Phikdelphia, and what is the sun's declina- 
tionr * / . 

Ana. The 7th of May and the 5th of August; the 
sun's declination is. \7 degrees north. 

2. What two days of the year are each 15 houi:s 
long at London, and what is the sun's declination? 

3. On what two days of the year does the sun rise 
at half past five o'clock at Washington? 

4. What day of the year at New-York is 155 hours 
long? 

5. What day of the year at the North Cape is one 
hour long? 

6. What night of the year at the North Cape is one 
hour long? 

7. On what two days of the year does, the sun rise 
at four o'clock at Edinburgh? 

8. On what twoda^s of the year at Petersburg, is 
the time of the sun's rising double that of his setting; 



I ^ 
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ai^,on what two days is the tiime of his setting dou- 
ble that of his rising? 



PROBLEM XXXII. 

TJie month^and day of the month being given^ to find 
those "places at which the day is a certain length. 

RULE. 

Find the sun's place in the ecliptic, bring it t» 
the brass meridian, and set the index of the hour 
circle to 1 2; turn the globe westward on its axis till 
the index has passed over as many hours as are equal 
to the half length of the day; keep the globe from re- 
volving on its axis, and elevate or depress one of the . 
poles till the sun's pace in the ecliptic comes to the 
western edge of the horizon; then, the elevation of 
the pole above the horizon will be the latitude north 
or south, according as the north or south pole is ele- 
vatecf; turn the globe on its axis, and all places pass- 
ing under that latitude will be those required. 

Or, by the ^ncdemma. Bring the day of the month 
on the analemma to the brass meridian, and proceed 
as above. 

Note. By the above rule those places (not in the 
frigid zones) may be found, at which the longest day 
is a certain length, by brining the beginning of 
Cancer or Capricorn to the brass meridian, according 
as the longest day is on the 2Ist of June, or on the 
£lst/)f December, and proceeding as above. 



EXAMPLES. 



1. Find those places at which the 25th of May is 
I4h liours long. 
^ntf. Philadelphia, Pekin, &c. 



t. 



p^ 
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£. Find tboge phce» at which the 30ih of Novem- 
ber is 14 hours long. 

. 3. At what place does the sun set at 25 minutes 
past seven o'clock, on the 11th of Aueust? . 

4. At what place is the £lst of June 19 hours 
long? 

5. At what place is the 21st of December 8^ hours 
long? 

6. At what place is the 21st of June 6| hours 
long? 

7. At what place is the 21st of December 17^ 
hours long? 

8. In what latitude does the sun set at ten o^^lock 
on the 3rd of Maj? 



PROBLEM XXXm. 

To find in what latitude in the north* frigid zun^ 
the longest day is a certain length. 

RULE.t 

Count as many days on the horizon from the 2l8t 
•f June, eastward or westward, as are equal to the 



* The same role will answer for the aouth frigid zone, only 
eoast fi-om the 21 at of i>eceraber. 



t Tbia problem is tWe rcTerte of the 29th, and the 
of the rule is easily understood; becaase ,the longest day at mvf 
|i1ace in the north frigid zone, begins as many days before the 31 jt 
of June, as it ends after the 21 st of June; therefore, the half 
length of the longest da^' counted backwards ft-om the 21st of Jane 
will show the beginning ot the longest day, or the day on wbieh 
the sun begins to shine constantly without setting in the required 
latitude; now, the sun's declination being found tor this day ^ and 
subtracted from 90 degrees, will give the latitude; because, when 
the sun Is declination is nortli, he begins to shine coustautfy in that 
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half length of the dajs and o];^site to the last daj, 
observe the sign and degree in the circle of signs;, 
find tlie same sign ana degree in the ecliptic on 
the globe, which bring to the brass meridian, and 
ebseape the degree above it; subtract the same num- 
ber oT degrees from 90 degrees, and the remainder 
will be the latitude required. 

Or, hy the Andemma, Count as many days on the 
analemma^ from the 21st of June, as are equal to the 
half length of the day; bring the last day to the brass 
meridian, and the degree auove it deducted from 9§ 
degrees will give the latitude. 

EXAMi'LECk 

1. In what degree of north latitude, and at what 
place, is the len^h of the lonsest day 77 days? 

Ans* At the North Cap^, m latitude 7li degrees 
north. 

S. At v^hat place in the north fri^d zone, does 
the sun shine constantly without settmg; during 63 
revolutions of the earth on its axis? 

3. In what de^ee of north latitude is- the longest 
day 1 50 days in length? 

Note. If it be required to find in what latitude in 
the north frigid .zone the longest night is a certain 
length, count as many days on the horizon from the 
21st of December,** eastward or westward, as are 



tmt 



paraUel of latitude, wHich is as many deg^e» fi-oni the north pole» 
as are equal to the decHnation; * The half length of the longest day 
may be counted fiT>m the Slst of June forwards; for the sun's de- 
clination is the same as many days after the 21st of Jane, as it iB 
the sam%number ot days before ttie Slst of June. 

* The longest night at any place in the north frigid zonebegins as 
many days before the 2tstof uecember, as it ends after the Slstof 
Dece&iber; therefore the half length of the longest night counted 
backwards from the 21st of December, wilt show the day on which 

10 s 



K 
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equal to the half length of the nighty and proceed as 
in the i^bove rule 

4. In what latitude, and at what place in the 
north frigid zone, is the length of the longest night 
73 days? ^ 

5* In what degree of north latitude is the iCTigth 
of the longest night 96 days? 

6. In wnat degree of north latitude is the sun to- 
tally, absept dunng lis revolutions of thjfc earth on 
its axis? 



PROBLEM XiqjJV. 

To find the number of days on which ike sun rises and 
sets every year^ at any place in the north* frigid 
zone* 

RULE. 

Find the len^h of the longest day (by Prob. 
XXIX.) at the giv!^ place, and the length of the 
longest night (by Prob. XXX.) add these together 
and subtract their sum from 365 days, the length of 
the' year; the remainder will show the number of 
days which the sun rises and setd every year at that 
place. 

Or, by the *Snalernrha, Count as many degrees 



the longest night begins, or the day on which the sun begins to be to- 
tally absent in the i^uired latitude; find the tun's declination fortius 
day and subtract it from 90 degix;es, th6 remainder will be die lati- 
tude; because when the sun's deelinatioD is south, he begins to be 
totally absent in that parallel of latitude, which is as many degrees 
from the nortir pole, as are equal to tlie declination. 

* Thb problem is equally applicable to a place in the south frigid 
zone. 
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Upon the brass meridian on both sides of the equator 
as are equal to the complement of the latitude of the 
given place, and observe the degrees where the 
reckoning ends; bring the analemma to the brass me- 
ridian, and observe what two days on the right hand 
side of the analemma 'stand under the observed de- 

§rees on the brass meridian; the time between these 
ays) reckoning towards the north pole,) will be the* 
number of days on which the sun rises and sets be^ 
tween the end of the longest night, and the beginning 
of the longest day; and the time between the two days 
on the left hand side of the analemma, which stand un- 
der the same degrees on the brass meridian, (reck- 
oning towards the south pole) will be the number of 
dys on which the sun rises and sets, between the ^d 
or the longest day and the beginning of the longest 
night: add these numbers together, and the sum will 
show the number of days on which the sun rises and 
sets every year at that place. . 

l^AMPLES. 

1. HoW^many days in the year does the sun rise 
and set at the North Cape, in latitude 71° 30' north? 

Ans. The length of the longest day found by Pro- 
blem XXIX. is 77 days; the length of the longest 
night,, found by Problem XXX. is 73 days; their sum 
.is 150, which, deducted from 365, leaves 215, the 
number of days on which the sun rises and set^- 

Or, 6^ the Ancdemma^ you will find the Icmgest 
night to end on the Srth of January,, and the' longest 
day to begin on the 14th of May; the time between 
these days is 107 days, on which the sun rises and 
sets; and the longest day will be found to end on 
the 30th of July, and the longest night to begin on 
the 15th of November; the time between those days 
is 108 days, on which the sun rises and sets; conse- 
quently, the whole time of the sun's rising and set- 
ting in the year is SI 5 days as above« 



» / 
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2. How many days in the year does the sua rise 
and set at Disco Island, in Baffin's Bay, latitude 
70 degrees north B 

3. How many days in the ytear does the sun rise 
and set at th.e northern extremity of Nova Zembla? 

4. How many days in the year does the sua rise 
and set at Greenland, in latitude 75 di^grees north^ 



PROBLEM XXXV. 



77i£i manth and day of the month being given tU any 
place, to find what day following is an hoitr longer 
• or shorter than the given day. 



RVLE. 



Find the sun's declination for the given day, and 
elevate the pole for that declination; bring the given 
place to the eastern edge of the horizon, and set the 
index of the hour circle to 12; turn the globe east- 
ward on its axis, if the days be increasiw in length,, 
but westward if decreasing in length, tiu the index 
has passed over half an hour, and raise or depress 
the pole till the place comes again to the horizon; 
then, the elevation of the pole in both cases, v^dll 
show the sun's declination on the required day; turn 
th^lobe on its axis, and observe what degree in that 
paff of the ecliptic, correspondent to the given day, 
passes under this declination, reckoned on the brass 
meridian towards the elevated pole; find this degree 
of the ecliptic on the horizon in the circle of signs, 
and opposite to it in the circle of lyionths, you will 
find the day required* 

Or, elevate the pole for thcj latitude of ihe given 
place, and mark the sun's declination for the given 
day on any meridian; bring this mark to tiie western 
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edge of the horizon, and set the index to IS; tum 
the ^lobe westward or eastward, according as the daj9 
are increafing or decreasing^ till the index has pass- 
ed oyer half an hcmr, and ^serve what point of th» 
same meridian is cut bjr the horizon; bring that 
point, to the brass meridian, and the degree above it 
will show, in either case, the sun's declination, when' 
the day is an hour longer or shorter than the giveil 
daj; hence, the required day is easily obtained. 

Or, by the Ancdemma. Froeeed as in the above 
rule, only, use the day of the month on the analem* 
ma, instead of the sun's declination marked on any 
meridian. 

Note. The day . following the aiven day may be 
found, which is any ffiven time longer or shorter 
than it, -provided, at me given place, there is thi» 
much dinerence between the lieneth of the gi^n day, 
and the length of the longest or shortest day. 

1. What day following the 8th of April at Phih- 
deiphia is an hour longerr 

Am. The Sri of Iday. 

a. What day following the 2nd of July is an hour 
shorter than it, at New-rork? 

3. On what day following the 11th of September, 
is the sun BO minutes later in risilig than o& thai 
day, at Baltimore? 

4. On what day following the 11th of September^ 
is the sun 30 mmutes earner in rising thaui on that 
day^ at Buenos AyresP 

•5. What day following the 14th of July is 2.houF» 
shorter than that day, at Edinburgh? ' 

6. What day of the year at Petersburg, follpwing^ 
the ^th of December;, is IS- hours longer thaathalf: 
day at the same place? 

10* • 
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EXAMPLES. 

1. Required the begHining, end, and dumticm of 
morning and eveniflg twilight, at Philadelphia, on the 
25th of May. 

Ans. Evening twili^t begins at 15 minutes past 
7, and ends al 15 minutes past 9; consequently, 
morning twili^ be^ns at 45 minutes past S, and 
ends at 45 minutes past 4. The duration of twir 
Ugh^^is S heimh. 

2. Required the duration of twiflight at London, on 
the 2Snd.of February. 

3. How long doe& day break at Washington, be- 
fore the sun rises, on the morning of the'SOth of 
April? t. 

At what time does dark Height commenced Boston 
on the evening of June the i^lstF 
. 5. Required the beginning, end, and duration of 
morning and evening twilight at Dublin, on the irth 
of December* 

6. Required the beginning, end^ and duration of 
morning and evening twili^t at Bohania, on the 
5th of October. 



PROBLEM XXXVIL 

Th Jind the beginning, end, and duration ofeomtarti 
day or twilight at any place. 

&ULS.. 

Add 18 degrees to the latitude of the pven place; 
couat as many degrees on the brass meridian, from 
the north or south pole, according aa the latitude is 
north or soutii, as are equal to the sum, and observe 
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the degree where the reckonine ends; turn the sldbt 
round on its axis, and find whatlwo pointe of the 
'ecliptic"' pass under that degree; opposite those 
points 9 found on the horizon, are the tw^ days .which 
will show the beginning and endk of constant day or 
twilight 

Ovy by the ^nalemma. Proceed as in the above^ 
rule, as far as, observe the degree where the reckon- 
ing ends; then, turn the globe round on its axis, and 
the two days on the analenima which pass under the 
observed degree, will show the beginning and end of 
constant day or twilight 

• EXAMPUBS^ 

1. When do the inhabitants of Petersburg begin 
to have constant day or twilight, and how long does 
it continue? s 

^ns^ The latitude of Petersburg* is GO degrees 
north, to which add 18 de^ees, the sum is 78, which 
count on the brass meridian from the north pole, or 
12 degrees from the equator towards the noiih pole; 
the two points of the ecliptic which pass under li 
degrees, are 2 degrees in 8 9 answering to tte 
, SI St of April; and 29 degrees in SI , answering to the 
21st of August; so that the inhabitants of Petersbuiy^ 
and all those who live in the same latitude, h&ye 
constant day or twilight from the 21st of April to> 
tiie ^Ist of August; that is, the sun does not descend 
18 degrees below the horizon of Petersburg during 
that time. 



* If the Bom of die latkade and 18 depves-be less than 60^ SS', 
there wUl be no constant twilight at the giYen place, because this 
sum, counted from l^e north or Mmth pole, wlU not reach like 
echptic» 
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S. When do the inhabitants of Archangel begin to 
kave constant daj or twilight? 

3. When does constant daj or twilight be^n at 
the North Cape in Lapland, and when does it end? 

4k Have ever the inhabitants of Philadelphia twi- 
light from sun-set to sun-rise? 

5. Required the beginning of constant day or twi- 
light at Spitzbergen. 

6. When does morning twilight begin at the north 
)>ole9 when does eyenyig twilight enO) and how long 
does total darkness continue? 

Jlnsi, .18 degrees added te 90 degrees, the sum is 
108, which counted from the north pole on the brass 
meridian, or 18 degrees counted from die equator 
towards the south pole, will show the degree of .the 
sun's declination, when morning twilight begins, and 
when evening twilight ends; the days answering to 
this declination are the £8th of January, the begin- 
oiing.bf morning twilight, and ike IJth of November^ 
the end of evening twilight, hence, the duration of 
morning twilight is from me ^8th of January to the 
20th at NIarcn, when the sun rises, being 51 days; 
ipd, the duration of evening twilight i^from the d3rd 
of September, when the sun sets, to the 1 3th of No- 
vember,^ being 51 days: and, the duration of tot^ 
darkness is from the '13th of November to the 28th 
of January, being 76 days; during this period of the 
sun's absence and tlie effects of his rays, the defi- 
ciency is wonderfully supplied bj the Aurora Borea* 
lis and the moon, which shine with uncommon splen- 
dour. 
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PROBLEM XXXVm 

To find in what climate any place oA the globe i* 

situated. 

RULE. ■ 

1/ If the place be not in thi frigid zones, find the 
length of the longest day at that place (by Prob. 
XXVII.) "and from it subtract 12 hours; tlife whole 
number of half hours in the remainder^ increased by 
one, will show the climate. 

2. If the place be in the fngid zone, find the 
lenffth of the longest day at that place (bTy Prob. 
XXIX.) 'and if its length be less than SO days, the 
place is in the ^Sth climate, ^or the first within the 

I^olar circle; if its length be more than 30 days and 
ess than 60 days, it is in the £6th clim.ate; if more 
than 60 days and less than 90 days, it is in the 2rth 
climate, &c. 



' * If there be an exact number of haif hours in Jthe reniaiiider, 
that number wilt show the climate, at the end of jvhich, the given 
place is situated, or at the beginniifjg of the next following climate. 
^ The general rule given by writers oa the globes for finding in what 
climate any place, not in the frigid zones, is situated, is to (leduct|ld 
hours from the length of the lon^st day at the given place, and the 
number of half hours in the remamder, will show the climate. Let 
us prove the correctness of this rule by example. .The fourth 
climate north of the equator ends in latitude 30° 48' N. and the 
fitUi in latitude 36° 31' -N.; now, alt pUces situated between the 
parallel of 30° 48' N and the parallel of 36° 31' N. are in the fifth 
climate north of the equator; the latitude of Savannah is 32° 3' N.; 
consequently, it is in the fifth climate north of the equator, and 
the longest day there is 14 hours 6 minutes long, from which de- 
duct 12 hours, the remainder will be 2 hours 6 minutes, or 4h«IC 
hours; hence. Savannah is in the fourth climate; but it has l^een 
shown above to be in the fifth climate; which is absurd « 



A 
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EXAMPLES. 



1. In what climate is Philadelphia? 

^s. The length of the longest daj at Philadel- 
phia is 14 hours 50 minutes, from which deduct 12, 
the remainder will be 2 hours 50 minutes y and the 
•whole number of half hours in this is 5, which in- 
creased 6y one will be 6; hence Philadelphia is in* 
the 6th climate north of the equator. 

% In what climate is tlie North Cape in latitude 
71 5 degrees north? • 

3. In what climate is Washington, and what other 
places are situate^ in the same climate? 

4. In whM climate is Quebec,* and what other 
places are situated in the same climate? 

. 5. In what climate is the north of Spitzbergea? 
6. In what climate is Lima? 



PROBLEM XXXIX. 

To find the breaths of the seeeral tlimates. 

RULE. 

1. For the northemf climates between the equa- 
tor and Arctic circle. Elevate the north pole 23i 



* It is to be/>b8erve(f^hat&1t plaees sitOAljed on the same paral- 
lel of latitude, arc in the game climate; but we must not infer from 
. tiiis that %hey have the same atmospherical temperature. 

t The climates south of tli^equator are of the same breadth as 
their correspondent climates north of the equator. Or, their 
breadths may be found in a similar manner, by elevating the south 
pole 23^ decrees, and bringing the beginning of Capricorn to ths 
bi*a8S meridian, &c. 



/ 
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degrees above the northom point o£ the hoiizoft, 
bring tlie be^nning of Cancer to the. brass meridian, 
and set the index of the hour circle to \% turn the 
globe eastward on its axis till the index has j^aeid 
over a quarter of an hour; mark witii a pencil that 
point of the meridian passing through Libra, which 
is then cut bj the horizon; continue the motion of 
the fflobe eastward till the index has passed over 
a nottier quarter of an hour, and make another mark; 
poceed thua, till the hxeridian passing through Li- 
bra coincides with the under part of the brass meri- 
dian; bring these marks to the brass meridian, a:nd 
the degree above each mark will show the latitude 
where each climate ends. • 

S« Hot the cUmates within the north palar circle. 
Find in what latitudes, in tlie north frigid zone, the 
lon^st day is 30, 60, 90 days, &c. long (by Prob. 
XXaIII*) each of these latitudes will show 4ne lati- 
tude, where each climate within the north polar cir- 
cle ends. 

EXAMPLES* 

1. What is the breadth of the 6th north climate, 
and whatplaces are situated within itP 

j9n8. The breadth of the 6th climate is 4** 53'; it 
begins in latitude, 36^ 31' N. and ends in latitude 
41^ 24' N. and all places situated within this space, 
are in the same climate; we shall find them as fol- 
lows; Philadelphia, Madrid, Naples, Pekin, &c. 

2. What is the breadth of the 26th north climate, 
or the 2nd within the Arctic cirdfc? 

Jlns. The 26th climate begins ih that latitude 
north, in which the length of the longest' day is 
30 days, and ends in that J^titude norui, in which | 
the length of the longest day is 60 days; these lati- ! 
tudes found (by Prob. XXXIIL) will be 67^ 18' N. i 
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m^ d3' N.; teftce, iikd to^idth of tbe £6& cli- 

$^ Whiii^ the breadtk of the 9th south dimate, 
and what places are uti^ated within it? 
4. Required the beginning, end, and breadth of the 



TABLES OF THE GUMATES. 

1. CUmat^bttween the Equator and the Polar Cirtles^ 



Clim- 
•tet. 


ISnisiii 

L»t* , 

• 


Where 

the 
longest 
ZHiyis. 


Breadths 

of. the 

Climatef 


Clim- 
ates. 

1 


Snds in 
Lat. 


Where 
the 


Breadths 

of the 

Climates. 


n. M* 


H. M* 


1 
S. M. 


O. M. 


* 

H. M. 


D. M. 


1 


8 34 


12 30 


8 34 


13 


59 59 


18 30 


1 32 


8 


16 44 


13 00 


8 10 


14 


61 18 


19 00 


1 19 


3 


£4 12 


13 30 


7 28 


15 


62 26 


19 30 


1 8 


4 


30 48 


14 '00 


6 36 


16 


63 22 


20 00 


^ 56 


5 


36 31 


14 30 


5 43 


17 


64. 10 


20 30 


48 


^ 6 


41 24 


15 00 


4 53 


18 


64 50 


21 00 


40 


7 


45 32 


15 30 


4 8 


19 


65 22 


21 30 


32 


8 


49 2 


16 00 


3 30 


20 


65 48 


22 00 


26 


9 


51 59 


16 30 


2 57 


21 


66 5 


22 30 


17 


10 


54 30 


17 00 


2 31 


22 


66 21 


23 00 


16 


11 


66 38 


17 30 


2 8"' 


23 


66 29 


23 30 


8 


12 


58 27 


18- 00| 1 49 < 


24 


66 32 


24 00 


3 



3. Climates beiwem the Polar Circles and the Poles. 



Cfinv 
ates. 



25 
26 

27' 



Ends in 
Lat. 



67 18 
69 33 

73 5 



Where 
* the 
longest 
Day is. 



D. 



M. 



3por 1 
60 2 
90 3 



Breadths 

of the 

Climates 



D.MU 

46 

2 15 

3 32 



Climi> 

ates. 



£8 
29 
30 



Ends in 



77 4(; 
82 50 
90 OC 



Where 

the 
longest 
Day is. 



D. M 

120or4 
150 5 

180 61 



Breadths 

of the 

Climates. 



D. M. 

4 35 

5 isy 

7 1 



- ( 
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The preceding fables may be constructed ^j the 
globe 9 as shown above , but not with that degree of 
exactne;3S given in them; therefore, recourse must 
be had to calculation^* 



' , •!. CoTUtrucUono/tkeJiratTiMe. 

The latitude where «ny climate ends between the equator and 
polar circles, and the ascensional difference, or the time that the 
sun rises before 6 o'clock in that latitude oh the loneest day, form 
the sides of a rirht angled spherical triangles and the angle oppo- 
se toihtf latitude, is equal to the complement of the sun's gr«U- 
'est declination} sorthat, one si<lel8 given, viz. the sun's ascensional 
dURerence, and one angle, viz. the complement of tUe sunl 

S-eatest declination, to find the side opposite to the known angie. 
ence, (by Daron Napier^ rules^ rad. X >ine of the asoeasioiial 
difference s= taug. of the sun's greatest declination X tang. 
latitude. 

Or, for the end of the 6th climate, where the son rises 1^ 
hours before 6, the. ascensional difference is SS^ SO', it will be. 

As tangent of 2S° 28' 9.63761 

Is to radius, sine 90^ ...... 10.00000 

So is sine of the ascensional diff.SS^' SO' 9.58284 

To tangent latitude 41<' 24" . • / . 9.94523 

2. CoH9trucH9n9fihe second Tabh^ 

Count half the length of the longtsst day at the end of any 
climate within the (jolar circles, from the 2l8t of June forward 
and backward) find the sun's declination answering to those two 
days, in a tabic of the sun's declination; add these t\ko declinations 
together, and divide the sum by 2, the quotient is a mean decli- 
nation, which take from 90 tlegrees, and the remainder will show 
the latitude where ttiat climate ends. 
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PROBLEM XL. 

To find the mn^a meridian altitude on any day at any 

givenplaee. 

RULE* 

Elevate the pole for the latitude of the given 
place, find the sun's place in the ecliptic for the 
given day, and bring it to that part of the brass me- 
ridian, which is numbered from the equator towards 
the poles; then, the number of degrees on the brass 
meridian, reckoning from the sun's place (the near- 
est wayj to the horizon, will be the altitude- 
' Or, if the latitude, and sun's declination be of 
the same name, add the sun's declination and the 
complement of the latitude togetiier, the sum will 
be tne altitude, if it does not exceed 90 degrees; 
but, if this sum exceed 90 degrees, take it from 
180 decrees, and the remainder will be the altitude, 
|f the latitude and sun's declination be of different 
names, take the sun's declination from the compfe* 
nient of the latitude, and the remainder will be the 
altitude. 

• 

EXAMPLES. 

1. What is the sun's meridian altitude .at Phila- 
delphia on the 29th of May? ^ 

Jttis. 71 7 degrees. 

2. What is the sun?s meridian altitude at Lima 
•n the 21st of December? 

3. What is the sun's greatest meridian altitude at 
New-Orleans? 



kr y. 
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4« What is the sun's greatest meridiaii»altitade at 
Buenos. Ajres? 

5. What is the sun's least meridian altitude at 
London? 

6. What is the altitude of the sun at the. north 
pole* on the*SOth of April, and what is his greatest 
altitude there? 

Exanqiles to be worked by Cdetdaiion. 

1. What is the Sfin's meridian altitude at Madiid 
in latitude 40^ S5' N. on l^e 1 4th of August^ whes» 
the sun's decimation is 14^ 20' VJt 



90^ 0(y 

40 ^ ktitude. 



iA44«« 



49 55 CO. latitude. 
14 90 declination. 



i*ii^ 



9S^ 5y the altitude sought. . 

S. What is the wifo^ meridian aMhide' at 'Hkt 
Island of Burbuioes, in latitude IS*' N. on thie f(& 
of Januarj, when the sun's deelkiatMni is 2S^SSI' 
south? 

3. What is the sun's meridian altitude at Madras, 
in latitude 13^ 5' N. on the 15th of Ida;, when the 
sun's declination is 18^ 54/ N.? 

4. What is the greatest meridian altitude of the 
sun at Washington, in latitude 38^ 50' Ni 



• See Problem XX. 
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PROBLEM XLl. 



7h Jmd the sun^s altittide at any particular hour of 

the day at any place. 



B.UL£. 



Elevate the pole for the latitude of the ^ven 
place, bring the sun's place in the ecliptic for the 
given day to the brass meridian, and set the index 
of the hourxiircle to 12; if the given time be before 
noon, turn the globe eastward till the index has ^ 
passed over as many hours, as the given time wants 
of noon; but if the siven time be past noon, tuim the 
globe westward, till the index has passed over as 
many hours, as the siven time is p^st noon. Keep 
theglobe in this position, and screw the quadrant of 
altitude on the brass meridian over the latitude of 
the place; bring the graduated ddge>of the quadrant 
to coincide with the sun's place, and the number of 
degrees on the quadrant, between the horizon and 
the $un'8 place, will be the sun's altitude. 

• ■ 

EXAMPLES. 

^.1. What is the siun's altitude at Philadelphia ou 
fte 10th of May, at 10 o'clqpk in the morning? 

^ns. 58 degi'ees. 

2. What is the sun's altitude at Paris on the l$th 
of June,ut 4 o'clock in the afternoon? 

3^.- What'is the sun's altitude at Moscow on the 1st 
of September, at half past 9 o^clock in the morning? 

4. Required the sun's altitude at Porto Bello on 
the 9th of January, at 45 minutes past 10 o'clock in 
the morning? * 

11* 



<«M 



* When the 8U»'s altitade it the leasl on any day at «nj pla«« 
in the north frigid zd e, it is rnidnighft at all places in tibe teaa* 
peratAnd torrid zones, situated on the same meridian as that 
]gf\mti and, when th« am'a altitixie is the greatest on any day at 
«% plaee in the north frigid zone, it is noon at ail places in the 
temperate and torrid zones, situated On the same meridiaii -as tital 
j^ace. The ruW to Prohlem XL* ▼ili serre for finding the 
greatest altitude. 
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5. What is the sun's altitude at Berlin on the 4tk 
of July, when the sun is on the meridian at Phila- 
delphia? 

o. What |8 the sun's altitude at Lisbon on the 
SOth of March, when the 8ui\ ia rising at Balti* 
Aore? 



PROBLEM XLIL 

I 

7b And the 9un*8 least* altUude an any day ai gAy 
fUce in the mrth frigid zone^ when the 9un doee 
nfd descend below the horizon. 

BULE. 

Elevate the pole for the latHade of die i^ace, 
bripg the sun'is place in the ecliptic to that part of the 
brass mwidian, which is nuttoered from ^e poles 
towards ike equator; and the nunl^r of degrees on - 
the brass meridian/ reckoning from the suirft place 
to the horizon, will be the altitude. 

Or, from the sun's decHnation take the eomple** 
nent of the latitude, and the remainder wMl be ^ 
altitude. 



s. 



VnC TfilUIBSTltlAli GI0M. Xfff 



EXAMPLES^ ^ 

1. What t« fhe san^s least altitude at the North 
Cape, in latitude 7\k degrees N. on tlie 2tst of 
June? , 

Ana. 5 deforces. 

2. What is t^e mm's least altitude at Disco IsIaiiA, 
on the 21st of June? 

S. What is the sun's least altitude at Spitzbergen 
in latitude 80 degrees N. on the 21st of Maj? 

4. When it is midnight at Lisbon on the find of 
July, what is the sun's altitude at Bontekoe Island, 
in latitude Tdi degrees N. . ^ 



PROBLEM XLIIL 

Vke ntn^s meridian altitude and the dag of the ndmth 
being given^ to find thelatitttde qftfie place, 

RULE* 

Find the sun's declination for the ^ren day, and 
mark it on the brass meridian; then, if the sun was 
south of the observer' when the altitude was taken, 
count on^the meridian from this mark towards the 
south point of the horlion, as many degrees as are 
equal to the altitude, and observe tne degree where 
ihe reckoning ends; brim this degree to coincide 
WT/dk the south point of me horizon, and the eleviu 
^on of the pole will show the latitude north or soirdi, 
according as the north or south pole is elevated* If 
the sun was north of the observer when the altitude 
was taken, count the degrees in a sihiilar manner, 
from the declination towards the north point of the^ 
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horizon, &c* and the elevation of the pole will show 
the latitude. • 

Or, wi-Jwut the Crtobe. Find the zenith distance, 
or the complement of the altitude, which call north 
if the sun was south when the altitude was taken; 
bu|, if the sun was north, call the zenith distance 
south; find the sun's declination in a table for that 
purpose; then, if the zenith distance and declination 
nave the same name, their sum is the latitude with 
that name; but if they have contrary names, their 
diflference is the latitude, and of the same name with 
the greater. 

EXAMPLES* 

1.^ On the 10th of Maj, 1821, the sun's meridian 
altitude was observed to be ^0 degrees, and it was 
south of the observer; what was the latitude of thd 
place? 

Jim. 4r 37' north. 

By Calculation. 

90*» 00' • - ! 

60 00 S. sun's altitude at noon* 



30 00 N. the zenith distance. 
- 17 sr.N. the sun's declination lOth Maj, 18ei, 

47° 37' N. the latitude sought. • *: 

Q, On the 5^ of December, 1821 , the sun's mm* 
dian altitude was observed to be 80^^21 ' south of the 
' observer; required the latitude of the place. 
Jina. i^ 45' south. 
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By CidctdaHon. 

90*' 00' • 

80 21 S. sun's altitude at noon. 



9 39 N. the zenith distance. 
22 24 S. the sun's declinatfon 5th Dec. 1821. 



12« 45' S. the latitude sought 

S. On the 25th ot Aiaj, 1821, the sun*!^ meridiam 
altitude was obsenred to be 79? IS' north el tiie.ob* 
eerver; required tht^ latitude. 

4. On the let of Februarj, a4 a dertain city where 
the clocks are 5. hours 10 ininute» slower than thoae 
at London, I obsenred the sun'a meridian altitude to 
be S&^ 50' south of me; reqiured that citf • 



PRQBLEM X^LIV. • 
To find the ma^iomflitude at any place on any day. 

RULE. 

Elevate the pole for the latitude of the given place; 
find the sun's place in the ecliptic for the given dav, 
and brinfipit to the eastern edge of the horizon; tne 
number c? degrees from the east point of the horizon to 
the sun's place will show the rising amplitude: bring 
Ae sun^ place to the western edge of the herixon, 
and the numlter of Aeffrees from the west point of the 
horizoD to the sun% ^ace will shew tile setting am- 

Or, by the An&ltmiMU Elevate the pole for the 
latttude of the g^veii place, and proceeio as above^ 
<ml J, use the day of tKier m^mth on the anelemaia, in- 
dtead of Hie smiv'a place in the ediplic* 



/. 
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KXAM1»LES. 

1. What is the sun's amplitude at Philadelphia on 
the 16th of July? 

Jins, 28 degrees from the east point towards the 
north; and 28 degrees from the ^est point towards 
the north. 

% What is the sun's amplitude at Washington on 
the 9th of November? • 9 ^ 

S. On what point of the compass does the sun rise 
and set at London on the dOth of April? 

4. On what point of the compass does the snn rise 
imd set at Petersburg on the 21st of June? 

5. On v^hat point of the compass does the sun rise 
and set at the isle of France on the 21st of Decem- 
ber? 

6. On what 'point of the compass does the sun rise 
and set on thie 20th of March? . 



PROBLEM LXY. 



To find the mn?8 azimuth at any place, the day and 

hour being given. 



RULE. 



Elevate the pole for the latitude of the giveft 

glace, and screw the quadranf of altitude on the 
rass meridian over that degree of latitude; bring the 
sun's place in the ecliptic^ the brass meridiw, and 
set the index of the hour circle to 12; then, if the 

given time be before noon, turn the globe eastward, 
ut if after noon westward, tiJLl the index has. passed 
over as many hours as it is before' or after noonj 
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*knng the graduated edge of the quadrant to coincide 
with the sun's place, then the number of degrees on 
the horizon, between the north or south point thereof 
and the graduated edge of the quadrant, will show 
the azimuth. 

Or, hy the •^nalemma. Proceed as in the above 
rule, onlj, use the day of the month on the analem- 
ma, instead of the sun's place in the ecliptic. 



EXAMPLES. 

1. What is the sun's azimuth at New- York on the 
27th of l^ay, at 10 o'clock in the morning? 

•^ns^ The sun's azimuth is 63 degrees from the 
south towards the east? 

, 2. What is the sun's azimuth at Paris on the 10th 
of November, at 3 o'clock in the afternoon? 

3. What is the sun's azimuth at Washington on 
the 21st of June, at 6 o'clock in the mormng? 

4. What is the sun's azimuth at Port Rojal on the 
£l8t of June, at 7 o'clock in the morning, and at 
10?* 

5. At what time does the sun appear on the same 
azimuth, twice in the forenoon and twice in the after- 
no<Hi, at Tobago Island, on the 20th of Maj? 

6. At sea, in latitude 40 degrees N. on the 15th of 
March, at 8 o'clock in the morning, the sun's mag- 
netic azimuth was observed to be S. 60° 30' E. what 
was the true azimuth, and the variation of the torn- 
pass? 



* When the sun's declination exceeds the latitade of the place, 
and both of the same name, -this sun will apfiear twice in the fore- 
noon at different times, on the same point of the compass, and 
again twice in the afternoon at different times, on the same point 
of the compass, at that place; and, hence the shadow of an aai- 
mnth dial will go back several degrees. 
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J%e day of the^ month being giveuj and the sun^s atti- 
tude at any flaet, to find me hour of the day 'and 
the 8un^$ azimuth. 



RULE. 



Elevate the pole for the latitude of the given place , 
and screw the quadrant of altitude on the brass me- 
ridian over the deertee of latitude; bring the sun's 
place in. the eclipnc to the btass meridian, and set 
the index of the hour circle to IS; bring the sun's 
place and the 'degree of altitude on the quadrant to 
coincide; then the hours passed over by the index 
ivill show the time from noon, and the number of de- 
grees on the horizon, between the north or south 
point thereof and the quadrant, will show the 
azimuth* 



EXAMPLES* 

1.. At what hour of the day in the afternoon,* on 
the 10th of November, is the sun's altitude 21 de- 
^ees at Philadelphia, and what is his Hzimuth? 

Jif^. At 48 minutes past 2, and the azimuth is 43 
degrees from the south towards the west. 

2. At what hour on the 11th of Januair is tlie 
sun's altitude 25 degrees at Washington? The ob- 
servation being mad.e in the forenoon. 



* The altitude of the sun at any time before^oon^ is equal te 
his altitude at the same time past noon, at any place on any daj; 
hence, it is requisite to mention whether the observation be made 
before or after noon, othervise the problem admits of two answers. 
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3. At what hour in the afternoon on the 21st of 
June, is the sun^s altitude 60 degrees at Constanti-' 
Bople, and what is hisazimudi? 

4. At what hour in the forenoon on the 16th of 
May, is the shadow of Washingjton Monument at 
Baltimore equal in length to its height? and on what 
point of the compass does the shadow fall? 



PROBLEM XLVII. 



7%e day of the month and the stmU ampHiude bekig 
giverif to find the lalittide of the place of obaerva^ 
. tion. 

nuLE. 

Bring the sun's place in the ecliptic for the ^yen 
daj to coincide with the given degree of amplitude 
on th# horizon, bj elevating or depressing the pole; 
then, the elevation of the pole will show the lati- 
tude. 



EXAMPLBS. 

1. By an observation, the sun's amplitude ^as 
found to be 28 degrees from the east towards the 
north, on the i7tii of Julj; required the latitude of 
the place* 

Ans. 40 degrees N. 

£. The sun's amplitude was observed to be 30| 
degrees from the west towards the north, on the 13th 
of May; required the latitude. 

3. On the 18th of January, the sun's rising am* 
plitude was observed to be 20° 41' from the east to- 
wards the south; required the latitude. 

12 
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4. At sea, on the aSrd of November, I found the 
sun's setting amplitude to be S2^ 15' from the wrest 
towards the soum, after correcting for the variation 
9f ^e compass, dip of the horizon and refraction; 
required the latitude the ship was in* 



PROBLEM XLVIII. 

Givm iw0 observed mltitudes^ ff th€ stm^ th$ time 
^Mpsed between them^ and the day of the months 
to find the latitude of the place of observation* 

i 

RULE. 

Find the surras declination, and under the degree 
of that declination^ on the brass meridian, make a' 
mark on the globe with a pencil; set the index to 
12, turn the globe on its axis till the index has pass- 
ed over as many hours as are equal to the dlapsed 
time, and under the degree of declination on the 
brass meridian, make another mark on the globe; 
then, take the complement of the first altitude from 
the equator in a pair of compasses, and, with one 
foot in one mark, and a fine pencil in the other toot, 
describe an arc; take the complement of the second 
altitude from the equator as before, and, with one 
foot in the other mark, describe an arc to cross the 
former arc; bring the point of intersection to the 
brass meridian, and the degree above it will be the 
latitude sought. 



« 
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SXAMPLES. 



!• On the £Oth of May^ in north latitude^ at 10 
•'clock in the morning, the sun's altitude was 55^ 30'^ 
and at one o'clock in the afterm)on, his altitude was 
61^ 30'; required the latitude of the place. 

^718. 45 degrees north. 

2. On the 21st of June, in north latitude, at S 
•'clock in the afternoon, the sim's altitude was 
49° 30', and at 5 o'clock the same afternoon, his al- 
titude was 26 degrees; required the latitude of the. 
place. 

3. On the 23rd of July, the sun's altitude was 
5d° 40', and after 2 hours had elapsed, his altitude 
was 44 degrees; required the latitude, supposing it 
to be north. 

4. When the sun's declination was 20 degrees S. 
his altitude was 35 degrees, and after 1 hour 30 
minutes had elapsed , his altitude was 42 degrees; 
required the latitude of the place of observation, 

Auppoalng^ it to ba nortki 



PROBLEM XLIX. 

Jlnii/ place and the day of the month being given ^ 
to find €st what time the sun will be due east or 
tve3t» 

RULE. 

Elevate the pole for the latitude of the given 
place, screw the quadrant of altitude on the brass 
meridian over the degree of latitude, move the lower 
end till its graduated edge comes to the east point of 
the horizon, and keep the quadrant in this position; 
bring the sun's place in the ecliptic for the given 
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day to the brass meridian, set the index of the hour 
circle to 12, and turn the globe on its axis tift the 
pus's place comes to the graduated edge of the 
quadrant; the number of hours passed over bj the 
index, will be the time froni noon when the sun will 
be due east, ancLi^t the same time'past iioon he wiK 
be due west.* 



1. At what hour will the sun be due east at Wash- 
ington, on the 10th of May? And at what hour wiH 
he be due west on the same day? 

' Jins, The time from noon, when the sun is due 
east, is 4 hours 20 minutes; hence the sun is due 
east at 40 minutes past 7 in the morning, and due 
west at 20 minutes past 4 in the afternoon/ 

2. At what hours will the sun be due east and^est 
at London, on the 2Xst of June? 

S. At what hours will the sun be due east and west 
at NewiYork, on_,thje 20th of March, and on the 23rd 
of Septemberr 

4. Find at what hour the sun is due west at Balti- 
more, on the 27th of October; and also, how manj 
degrees he is then below the hori/^on.* 



* If the length of the lugfat at the giren plaee exceed the leiigtk 
of tlie day, the mm will he due eatt and weat^ when he ia hAw 
the horizon. 
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PROBLEM U 

7b find the' sun^s ngkt ascension, oblique ptscension^ 
oblique descenston, ascensional or descensional dtf- 
ference, and the time of his rising and seUmg ai 
anyplau on any dayp 

BULE. 

1. Ihr the right ascension. Bring the sun'a place 
in the ecliptic tor the given day te the l»*a8» meri* 
dian, then the de^e on the equator t^ut by the brasa 
meridian, reckqmng from the point Aries eastward, 
will be the right ascension. 

^, For the oblique ascension and descension. Ele- 
vate the pole for the latitude of the giTen place^ 
bring the sun's place in the ecliptic to the easterly 
edge of the horizon 9 and the degree on the equator 
cut by the horiz.on, reckoning from the point Aries 
eastward, will be the oblique ascension. Briuff the 
sun's {dace in the ecliptic to the western edge of the 
horizon, and the decree on the equator cut by th« 
horizon,^ reckoning irom the point Aries eastward, 
will be the oblique deseension. • - , 

3. For the asceHsional or descensional d^fferpice. 
Find the difference between the right and oblique 
ascension; or,^* betwe^Q. the right and oblique descent 
sion, and this difference turn into time;t then, if the 
sun's declination and latitude of the-place be of th^ 



* i'he difierenoe between the r%ht and obUquo ascension , is ai* 
irays ecjoal to the diffisrence between the right and oblkiue deseen* 
•ion. 

t See Problem XVI. 

12» 
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same name, this time showg how lone the sun mes 
before 6, and sets after 6; but, if the declination and 
latitude be of contrary names, this time shows how 
long the sun rises after 6^ and sets before 6^ 

« EXAMPLES. 

!• Required" the snn^s right ascension, oblique as- 
cension, oblique descension, ascensional or desee^- 
sional difference, and the 'time of his rising and 
setting at Philadelphia,^ on the 25th of May. 

Ans. The right ascension is 62 degrees, the ob- 
lique ascension is 43^ 15% the oblique descension is 
80° 4a% the aseensional difference is (/H^ 00' — 
4S° 15' =) 18® 4n', or the descensional difference is 
(80*^ 45' ^ 62** 00'«=) 18° 43% the same as the as- 
censional difference; this difference turned into time 
l^ves 1 hour 15 minutes; consequentiy, the sun 
rises 1 hour 15 minutes before 6, or at 45 minutes 
past 4; and sets 1 hour 15 minutes after 6, or at 15 
minutes past 7. 

2. What are the sun's right ascension, oblique as- 
cension, oblique descension, ascensional or descen- 
sional difference, and the time ot his rising and set- 
ting at Washington, on the 7th of January? 

S. Find the sun's right ascension, oblique as- 
eension, ascensional 'difference, and the time of his 
rising and setting at Paps, on the 2l8t of June* 

4. What are the sun's right as(iension,declina,tion, 
•blique ascension, oblique descension, ascensional or 
descensional difference, rising amplitude, setting am- 
plitude, and the time of his rising and setting i^ 
fiew-York, on the 21st of December? 



• o 
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PROBLEM Lt. 



Tojmd thai part of the equation of Hme^ or the dif 
fer^snte between the time shown by a wdt regulated 
dock and a true sun-dial^ whicn depends tq>on the 
obliquity of the ecliptic.* 



RULE. 



Bring the sun's place in the ecliptic to the brass 
meridian, then count the number of degrees from 
Aries to the brass meridian/ on the equator and oil 
the ecliptic; the difference reduced to time, count- 
ing four minutes of time to a degree, will be the 
equation of time. If the number of degrees on the 
equator exceed those on the ecliptic, the sun is 
slower than the dock; but, if the number of degrees 
on the ecliptic exceed those on the equator, the sun 
is faster than the clock. 



KXAMPLES. 



1. What is the eguation of tlm^ which depends 
upon the obliquity of the ecliptic on the 30th of 
April? ^ 

^ i^ns. The degrees on the ecliptic exceed the de- 
grees on the equator bj 2i; hence, the sun is 10 
minutes faster tnan the clock* 



* The tnie equation of time, or the diffierenee between the 
time shown by a weU regulated clock, and a true mo-dial, cannot 
be determined by the globes because it depends upon two causes, 
Tiz. the obliquity of the ecKptic, and the irregular motion of the 
earth in its orbit; and hence, this difference of time can onh' be 
found by the globe, so far as it depends upon tba obliquity of tto 
ecUptie. . 
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SL Required the equation of time on the Slst of 

Julj? 

3. What is the equation of tim^ dependent on the 
obliguitj of the ecliptic on the 14th or January? 

4. On what four days of the year is *the equation 
^f time nothing? 



PROBLEM LII. 

The day and Iwuf being given wh&i a lunar eclipse 
wiU happen J to find wher^ it unU be viMle. 

RULE 

Find the place on the globe to which the sun 19 
then vertical, (by Prob. XXIL) brin^ this place to 
the brass meridian,. and observe its latitude; keep the 
globe from revolving on its axis, and if tiie latitude 
be north, elevate theisouth pole so many degreea 
above tiie horizon as are equal to that latitude; but, 
if it be south, elevate the north poie in a similar 
manner; set th^ index of the h#ir circle to 1£; turn 
the globe on its axis till the index has passed over 
IS hours, or till it points to the other 12; then to all 
places above the horizon the eclipse will be visible; 
to that place which is antipodes of the place where 
the sun is vertical, the moon will Wd vertically 
eclipsed; to all places along the western edge" of the 
horizon, she will rise eclipsed; and to all places 
along the eastern edge of the horizon, she i¥ill set 
eclipsed. 
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XXAMPLBS. 

^ }• On the 6th of February, 182^, at ££ minuteg 
past 12 in the momine at Baltimore, there was an 
eclipse of the moon; iiniere was it yisible? 

Ans» It was visible to the whole of America, Eu- 
rope, and a part of Africa. 

. 2. On the £nd of Ai^st^ 1822, at 16 minutes 
past 7 in the afternoon at Baltimore, there was an 
cf^lipse of the moon; where was it visible? 

JVote. For more examples, the learner may con- 
sult the Almanac for anj year. 



PROBLEM LIII. 

The day and hour beinff given when a iolar ecUpe^ 
wm happen J to find where it will be visible. 

RULE. 

Find the pface on the globe to which the sun is 
tiien vertical, fby Prob. ^11.) bring this place to 
the brass meriaian, and elevate the pole for its lati- 
tude; then at most of the places above the horizon^ 
the eclipse may be visible,* 



* If t|ie moon change in the node, her shadow or penumbra 
fells fierpendieularly upon the earth in the form of a circle; and 
the place on the earth where the sun is vertical, is the centre of 
the pennmbral shadow at the middle of the general eclipse. 
When the moon's diameter appears the largest and the sun's the 
least, (he penumbra! shadow may cover a circular space On the 
earth df 4,900 miles, or 70 degrees diameter. (See Ferguson's 
Astronomy, Art. SS4J) 

When the moon changes short of her deseendingf node, the pe- 
mimbral shadow passes orer thft aoithem parts ot the earths and^ 
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EXAMPLES* 

1. On the dlst of Fdbruary, 1829, at 50 miniitei 
past three o'clock in the arteraoon at Baltimore^ 
there was an eclipse of the sun; where might it be 
TisibleP 

•^7». At Baltimore, &c« 

2. On the STth of August, 1821, at ISs minutes 
past three o'clock in the afternoon at London, there 
was an eclipse of the sun; where might it be visible^ 
supposing tne moon's penumbral shadow to cover a 
circular space on the earth of 70 degrees diameterf 

Note^ The learner maj consult the Almanacs for 
more examples. 



PROBLEM LIV. 

« 

To explain th$ Phenomenon of the Harvest Moon. 

1. In north latitude, the harvest moon is the full 
tfioon which rises nearly at the same thne for several 
evenings together, ikbout the time of the autumnal 



when she changes piist the same node, the pennmbral shadow 
passes over the southern parts of tlie earth; but when she ehanges 
short of the ascending node, the pemunbval shadow passes orer 
the southern parts of the earth; and when she changes past the 
same node, the penumbral shadoir passes over the nonhem parts 
of the earth. The farther the moon ehanges from- eijther node, 
within 17 degrees of it, the less proportion oif the penumbral shft" 
dow falls upon the earth. 

And, because the moon may change as veil in one node as in 
another, and at di&rent distances from them, it foUows that the 
variety of eclipses are almost innumerable; hence, if the extent of 
the penumbral shadow be not accurately found by calculation, it 
is utterlr impossible to find by the globe where a solac eclipse witt 
bevisible* . . 
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^ninox* To explain this phenomenon of the moon'0 
rising, it is necessary to make the following remarks. 

The moon's motion is nearly in the ecliptic,''^ and 
the different signs of which, on account of its obli- 
quity to*the earth's axis, make yerj different angles 
with the horizon as they rise and set, especially in 
eonsiderable latitudes. Those signs whicn rise witli 
the smallest angles set with the greatest an^es, and 
vice versa; and, whenever these angles are feast, 
equal portions of the ecliptic will rise in less time, 
tiian when these angles, are greater; and the contra- 
ry. 

In northern latitudes, the smallest angles are made 
when Aries and Pisces rise, and the greatest when 
Liibra and Virgo rise; consequently, when the moon ii 
in Pisces or Ariea^ she rises with the least difference ' 
of time, (and she is in these signs twelve times in a 
year;) and, when she is in Virgo or Libra, she rises 
with the greatest difference of time This peculiar 
rising of the moon passes unobserved at all seasons 
of the year, except in the months of September and 
October; because, in winter, when the moon is in 
Pisces or Aries, she rises at noon,, being then in her 
£rst quarter; but, when the sun is above the horizon^ 
the moon's rising.is never perceived. In spring, the 
moon rises with the sun in these signs, and changes 
in them at that time of the year; consequently, she 
is quite invisible. In summer, when the moon ib in 
these signs, she rises about midnight, being theu in 
her third quarter, and rising so late that she passes 
unobserved. In autumn, when the moon is in these 
signs, she rises at or about sun-set, being then full; 
because, the sun is diame^ically oppdsite to her in 
Virgo or Libra, answering to the month of Beptem* 



* The moon 'a orbit is ineUued to the ecHptie in an angle of 
S^ 0'. fh\% obiiquitj of the moon's orbit to tiie ecliptic, need 
Bot be regarded in a general illustration of tlie problem* 
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>)er or October, at which time, this pbenomon^ of tjie 
iBOon's rising is very conspicuous, which had passed 
unobserved at all omer times of the year before, 

2, In south latitude, the harvest moon is the full 
moon which rises nearly at the same time for scTcral 
evenings together, about the time of the vernal Equi- 
nox. For to the inhabitants of south latitude, the 
smallest angles are made when Virgo and Libra rise, 
and the greatest whpn Pisces and Aries rise; so that, 
when the moon is in Virgo or Libra, sh^ rises mth 
the least difference of time; and, when she is in 
Pisces or Aries, she rises with the greatest difference 
of time; but, when the moon is full in Virgo or Li- 
bra, the sun is in Pisces or Aries, which is about the 
time of the vernal equinox. Hence, the harvest 
moons are as regular in south latitude as in north la- 
titude, but they take place at opposite times of the 
year. 



RULE. 



1. For north latitude. Elevate the pole for the 
latitude of the given place, make a mark on every 
12* degrees of the ecliptic with a pencil; preceding 
and following the point Aries, till tnere are seven or 
eight marks; bring that mark which is the nearest to 
Pisces to the eastern edge of the horizon, and set 
the index of the hour circle to 1£; turn the globe 
westward on its axis till the other marks successive- 
ly come to the horizon; the time passed over bv the 
index, bet,ween the coming of any mark to the nori- 
zon, and that following, will show the difference of 



iW-*< 



• The moon moves at the mean rate of 13i degrees in the eclip* 
tie every 34 hours, and the sun advances almost a degree the same 
way in the same tin.e. caused by the annual motion qf tlie earthj 
hence, the moon gains but Uttie more than 12 degrees oi' the son 
in4he ecliptie evety 6siy» 



# 

tiiti^ between tbe moon^s rising on any two nights^ 
When she is in or near those marks. If tfie sam^ 
marks be bronght to the western edge of the horizon^ 
and jou proceed in a similar manner, the differencre 
between the time of tiie moon's setting may be seen; 
for, when the difference between the time of her 
rising is the least, the difference between the time of 
her setting w)ll be the greatest; and the contrary. 
^ % For south icAUud^. Elerate the pole for the la- 
titude of the place, make a, mark on every 1^ degrees 
of the ecliptit with a pencil, preceding and following 
the point Libra, till tnere are seven or eight marks; 
bring that mark which is the nearest to Virgo to the 
eastern edge of the horizon, and set the index of the 
hour circle to 12; theii, proceed precisely as in the 
above rule, and you will find th^ difference between 
the tim^ of the harvest moon's rising, which hafpeiiB 
about the time of the vernal equinox. 



PROBLEM LV. 

To phee the terretinal ghbe in the suiuehine^ 'm 
that it may represtnt the natural poritwn if the 
earth. 



nut&* 

Place the globe directly north and south by the 
mariner's cotopass, taking care to make a proper al- 
lowance for the variation; let the wooden honzon be 
perfectly horizontal; bring the place in which you 
are situated to the brass meridian, and elevate the 
pole for its latitude; then the globe will correspond 
in every respect with the situation of the eartS it« 
self. The poles of the globe will be directed towards 

IS 
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{he poles in the heavens, the meridians, parallels of 
latitude, tropics, and all the circles on the elobe, will 
correspond with the same imaginary circles in the 
heavens; and each kingdom, country, and state, will 
be directed towards we real one, which it repre- 
sents. 

While tlie sun shines on the globe, one hemis* 
phere will be enlightened, and the other Will be ia 
the shade; and hence, at one view, may be seen all 
those places which have day, and those which have 
night, &c. 



PROBLEM LVL 

7b find the hour of the day at any place, by ptadng 
fhe globe in the sun-shine. 



SULE. 

Place the globe due north and south upon a hori^ 
xontal plane, by the mariner's compass, allowing for 
tlie variation, and elevate the pole tor the latitude of 
place; brin^ the sun's place in the ecliptic to the 
brass meridian, and set the index of the nour circle 
to 12; stick a needle perpendicularly in the sun's 
place in the ecliptic, and turn the globe on its 
axis till the needle casts no shadow; keep the globe 
in this position, and the number of hours passed 
over by the index will show the time from noon, 
hence the hpur of the day is easily obtained. 



a 

( 

( 
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PROBLEM LVII. 

Tofind the n^n'« aUUude^ by phcing the globe in ih^ , 

9un'9Mne. 



Place the globe upon a horizontal plane, stick a 
needle over the nortn pole, in the direction of the 
axis of the globe, and turn the pole towards the sun, 
so that the shadow of the peeale may fall upon the 
middle of the brass meridian; then, eleyate or de- 
press the pole till the needle casts no shadow; the 
elevation of the pole above the horizon will be the 
^sun's altitude. 



PROBLEM LVIIL 

To find the sun^s dedinoHon and his azimuth^ 6y 
placing the globe in the sunshine* 

B.ULE* 

Place the globe due north and south upon a hori- 
zontal plane, by the compass, or by a meridian line,^ 



* A meridian line may be drawn in the following* manner. 
Describe a circle from the centre of <a horizontal plane, in which 
eentre fix a straight wire perpendicular to the plane; noiark in the 
mominp; where the end oi the shadow touches the circumference 
of die circle^ in the afternoon mark where the end of the shadow 
ioaches the circumference of tlie same circle; and, divide the arc 
of the eareld eontained betwewi ihete two' marks into two equal 



k 
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PROBLEM LIX. 

To nudce a harizmUtt£ti Jar any latitude. , 

BVLB. 

Elevate the pole for the latitude of the place, and 
bring the point Aries to tkie brass meridian; then, as 
globes in general have meridians drawn throng 
every 15^ degrees of longitude, eastward and west- 
ward from -the pmnt Aries, observe where the meri- 
dians intersect the horizon, and count the number rf 



parU; ft tine drawn from tbe poini of divisioii to the eentre of te 
plane, wiU be a true merulian, or north and south line; if this 
line be intersected bj a perpendieular, that perpendienlar wiU be 
an east and west Wfi^i thus jou wil4 have tht tour eardiBal potnU of 
the|K»ri«<m« 



^ 
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and elevate the pole for the latitude of tiie plae«; 
tlien,if the sun snine over the north pole, his decli- | 
nation is as many degrees north as. he shines over the i 
pole; if the sun do not shine so far as the north pole, i 
nis declination is as many degrees south, as the en* 
figktened part j^ dialant from the pole. 

Observe the degree of the sun's declination on the . 
brass meridian, and stick a needle perpendicularly | 
in the globe under that degree; turn thef globe on its 
axis till the needle c&sts no shadow; keep the ^lobe 
in this position, and screw the quadrant of altitude 
over tiie deme of latitude; bring the graduated edn 
of the (Quadrant to coincide with the point where t& 
needle is filed, and die deg|^«e on me hoinizQi;! wtfl 
show tile azimuth* * • 



degjrees between the brass meridian and each of the 
points of intersection; the hour arcs will respective- 
ly contain these degrees. The dial must be num* 
V bered 12 at the brass meridian, thence, 11, 10, 9, 8, 
7i 6, 5, &c. towards the west, for morning hour^^; and 
1, ^, 3, 4, 5, 6, 7, &c. towards the east, for evening 
hours. 

It is unnecessary to draw any more hours, than 
what will answer to the sun^s continuance above the 
horizon on the lon^^st day at the given place. The 
style or ffnomon ofthe dial must be fiied in the cen- 
tre of the dial -plate, and elevated, as many degrees 
above the plane of which, as are eqtial to the lati- 
tude of the place. The dial must be placed, so that 
the liQur 12 may be directed towards the north, if 
the latitude be north, with the upper part of the 
gnomon parallel to the earth's axis. 

Let it he required to make a horizontal dial for the 
latitude of Philadelphia.^ 

Elevate the north pole 40 degrees above the hori- 
zon, and bring the point Aries to the brass meri- 
dian;- then, yoii will find the degrees on the eastern 
part of the horizon, between the brass meridian and 
the meridians on the globe, to be as follows, viz. 
9*» 46', 2<»^ 22', Sa^* 44', 48^ 4', 67° 22', and 90 de- 
grees, for the hours 1, ^3, 3, 4, 5, and 6 in the af- 
ternoon; and on the western part of the horizon, the' 
hour arcs will contain the same dejgrees, for the 
hours 11, 10, 9, 8, r, and 6 in the morning. It is 
unnecessary to fiad the distance farther than 6, be- 
- cause the hour lines continued through the centre of 
the «lial are the hour lines on the opposite parts 
thereof. 
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The following table, calculated bj spherical trisa- 
Bometrj,"^ shows not only the hour arcs, but me 
lialves and quarters from i£ to 6. 
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84 11 


2| 


41 15 


29 25 
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45 
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* While the clobe remaimr in the Bosition deieribed' iothe mte^ 
U will be Been that a right-angled spherical , triangle if forined^ thi^ 

Perpendicular of which is the Intitade, the base Uie boar are, and 
le vertical angle the hour angle. Hence, 

Badius, sine 90 degreea , 

Is to the sitie of the latitude; 

As tangent of the hour angle, 

la to teoaent oC the iMwr ure oa the h«iizQa« 
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PROBLEM LX. 

To make a vertical dial, facing the stmihy in norik 

latitude. 

Elevate the soath pole for the complemeiit of the 
latitude of the g^ven place, and bring the point Aries 
to the brass meridian; then, as globes in general have 
meridians drawn throu^ every 15 degrees of loqgi- 
tude from the point Aries, observe where the meri- 
dians intersect the horizon, and count the number of 
decrees between the brass meridian and each of the 
points of intersection; the hour arcs will respective- 
ly contain these degrees. The dial must be num- 
bered 12 at the brass meridian, thence, 11, 10» 9, 8, 
r, 6, towards the west, for morning hours; ana 1, 2, 
d, 4, 5, 6, towards the east, for evening hours. It 
is unnecessary to draw any more hours on such a 
dial as this thau from 6 in the morning to 6 in the 
evening, because the sun cannot shine longer npon 
it than 12 hours in the course of one day. The 
style or gnomon must be parallel to the earth's axis 
and elevated as many degrees above the plane of the 
dial -plate, as are equal to the complement o^ the la- 
titude. 

Let it be required to make a vertical dial, facing 
Hie sriuth, for the latitude of Philadelphia 

Elevate tlie south pole 50 degrees above the hori- 
zon, and brin^ the point Aries to the brass meridian; 
then« you will find the degrees on the eastern part 
of the horizon, between the south point and the 
meridians on the globe, to be as follows, viz: 11® 
36', 23® 51', 3r £7', 53° 0', ZO*' 43', and 90 degrees, 



IM 
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for the hours 1, S, 3, 4, 5, and 6 in Hie aftemooir;. 
and on the western part of the horizon, the hour 
arcs will contain the same degrees, for the hours 11,. 
10, 9, 8, 7, aiid 6 in the morning. 

The following; table contains not only the hour 
arcs, but the halves and quarters from 1£ to 6; it is 
calculated precisely in the same manner as the table 
in the preceding problem, only, using the comple- 
ment ol the latitude instead of the latitude. 



Hours. 


Hoar 
Angles. 


Hour Arcs. 


Hoars. 

Si 


H 
An 


Dttr 
Kles. 

'45< 


» 

Hour Ares* 


0° 


0' 


0« 


0' 


48^ 


410 a' 


12i 


3 


45 


2 


52 


3i 


52 


so 


44 5f 


I2J 


7 


30 


5 


46 


3» 


56 


15 


48 54 


iQi 


11 


15 


8 


40 


4 


60 





53 


1 


15 





11 


36 


4i 


63 


45 


57 14 


H 


18 


45 


14 


35 


4i 


67 


30 


61 36 


H 


22 


30 


17 


36 


41 n 


15 


66 $ 


H 


20 


15 


20 


42 


5 75 


u 


70 43 


2 


30 





23 


51 


■5k : 78 


45 


75 27 


Si 


33 


45 


27 


6 


5i i82 


30 


80 15 


2* 


37 


30 


m) 


57 


5^ 86 


15 


85 7 


2^ 


41 


15 


33 


54 


6 90 





90 


3 


45 





37 


27 


\ 







It may here be observed that the time shown by a 
sun-.'lial is the apparent time, and not the true or 
mean time of the clay, as shown by a well regulated 
clock.- See ^lefinitions 50, and 51. The following 
table of the equation of time will -h.>w bow much a 
clock should be faster or slower thaa a sun-dial» 
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THE CELESTIAL OLOBE. 



PROBLEM I. 

To find the laHtude and longUtule of any star^ 

RULE. ^ 

f 

Bring the north or south pole of the ecliptic , ae* 
-cordins as the star is on the north or south side of 
the echptic, to the brass meridian, and screw the 
quadrant of altitude upon the brass meridian over 
tne pole of the ecliptic; keep the globe from revoiv- 
ing on its axis, and move the quadrant till its gradu«> 
ated edge comes over the given star; then, the de- 
gree on the quadrant over the star is its latitude, 
and the number of degrees on the ecliptic, reckoning 
from the point Aries eastward to the quadrant, is 
its longitude* 



* The latitudes and longitudes of the moon and planets must be 
found from the Nautical Almanac, or an Kpheraeris} because, they 
oannot be placed on the globe, as the Stars are placed, on account 
of their CQntinual motion* 



196 fkobILems performed by 



EXAMPLl^S. 

1. Required the Utitide end kn^tude of « Mar- 
ta^ in Pegisisus. 

Jins. Latitude Id"" S5' N. longitude 11 signs 30* 
54'. 

2. Required the latitudes und longitudes oi the 
following stars: 

«y Altair^ in the Eagle. 

p, Mirach^ in Andromeda. 

«, Areturiay in Bootes. 

», Mdebaran^ in Taurus. 

«, ^^^S*^) in Lyra. 

«, FhmalhmU^ in the S. Fish, 

p, Bigely in Orion. 

V, Beuatrix* in Orion. 

«, Capellaj m Auri^. 

«, FrocyoHy in Cams Minor. 

y, RasfabeHf in Draco. ^ 

/I, Pollux y in GeminL 



PROBLEM IL 

RULE** 

Bring the given star to that part of the brass ne- 
ridian which is numbered from the equinoctial to» 



* This rule wilt antMrer for finding the son's ri|^t ascension and 
deeUnation^ by using tlie sun^ place in the ecU{£c instead of the 
given star. The ri^t ascension and declination of the moon and 
planets mttst be found from the Nautical Almsnae. 
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wards the poles; the degree on the brass meridian 
above the star is the declination, and the deeree ob 
the equinoctial cut by tiie brass meridian, reckoning 
from the point Arks eastward, is the right ascen- 
sion. 



EXAMPLES. 

1. Required the rieht ascension and declination of 
« Arcturua^ in the ri^t thigh of Bootes* 

Ans. Sight ascension 211^ 55', declination 20^ 
8'N, 

2. Reauired the right ascension and declinations 
^f the following stars: 

/), Jllbireoy in Cjgnus. 
y, Mgorci)^ in the Crow. 
«, Deneb^ in Cjgnus. 
«, Canopus, in Argo Navis. 
p, JRigelj in Orion. 
• f , rendemiatrix, in Virgo. 

f , Mirachj in Bootes. 
«, Castor^ in Gemini. 
/S, Algal ^ in Perseus. 
«, AUair^ in the Eagle. 
A, AntareSf in the Scorpion. 
«, Scheder^ in Cassiopeia* 
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!problem III 



a planet jbdng given j to find its place on the globe. 

EULE. 



Bring the north or south pole of the ecliptic, ac- 
cording as the latitude is north or south, to the brass 
meridian and screw the quadrant of altitude upon 
the brass meridian oyer the pole of the ecliptic; keep 
the globe from revolving on its axis, and move the 
quadrant till its graduated edge cuts the given de- 
gree of longitude on the ecliptic; then under the 
given latitude, on the quadrant, you will find the 
star, or the place of the moon or planet 



EXAMPLES. 



1. What star has 2 signs 7^ 12' of longitude, and 
5"" 28' S. latitude? 

Ans. cb Ald^arcm,^ in TauruH. 

2. 'What stars have the following latitudes and^ 
longitudes? 



LAT. LON. 

6*» 40' N. Ss 20° 40 

9 58 N. I 5 5 

21 r S. 11 1 15 



/ 



LAlr. LON. 

19°25'N. lis 20° 54' 

4 33 S. 8 7 11 

29 19 N. 9 29 10 



3. On the 10th of July, 1821, at midnight, the 
moon's longitude was 7s 28° 24', and her latitude 6** 
5' S.; required her place on the globe. 



i 



\ 



The latitude and longitude of the moon, a ntar^ or u I 

( 



■ 
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t 

4. On the 1st of July, 18S1, the longitudes and la- 
titudes of the planets were as follows; required their 
places on the globe. 



LON. LAT. 

8 4s 5° 4' 0°3l'N. 

9 a 19 59 1 6 N. 
t 2 1 59 15 S. 



^ LON. LAT. 

5/ 0s26^27' 1° 15' S. 

>2 £5 S9 2 26 S. 

9 9 45 15 S. 



PROBLEM IV* 

7%« right ascension and declination of the moon^ a 
Btar^ or a planet being given^ to^nd Us place on the 
globe. 

auLE. 

Bring the given de^ee of right ascension to that 
part of the brass meridian which is numbered from 
the equinoctial towards the poles; then^ under the 
given declination on the brass meridian, jou will 
Snd the fStsx^ or the place of the moon or planet. 

EXAMPLES. 

1. What star has 163** 6' of right ascension, and 
%9P 44' N. declination? 

Ans. at Dubhe^ in the back of the Great Bear. 

2. Oft the 10th of September, 18£1, the moon's 
right ascension was 336^ 25', and her declination 
9° 52' S. find her place on the globe at that time. 

Ans. About 4^ m Pisces, nearly in the plane of 
the ecliptic. 
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3. What Stars have the following ri^ta8ceii8i<m» 
and declipations? 



RIGHT ASOEN, DEOLIN. 

29* 14' 22* 36' N. 

86 20 7 22 N. 

176 3 54 42 N. 



RIGHT ASCEN. DXCLIIT. 
h» 771. 

22 47 ^** 35' a 
20 35 44 38 N, 



4. On the 25th of October, 1821 , the declination of 
Venus was 23° 5^' S. and her right ascension 249^ 
15'; find her place on the globe at that time* 



PROBLEM y. 

The mmthj day^ and hour of the day ai any plaee be- 
ing given^ to place the globe in such a manner a» 
to represent the heavens at that time and places in 
order to find the relative sOuaHona and names of 
the obnsteUaHons andprindpai stats. 

RULE. 



( 



Place the globe ^ on a clear star-light night, due 
north and south by the compass upen a horizontal ^ 
plane, where the surrounding horizon is uninterrupt- 
ed bj different objects, and elevate the pole for uie 
latitude of the place; find the sun's place in the eclip- 
tic for the given day, brins it te the brass meridian, 
and set the index of the hour circle to 12; then, if 
the time be after noon, turn the globe westward on 
its axis till the index has passed over as many hours 
as the time is past noon; but, if the time be before 
noon, turn the globe eastward till the index has pass- 
ed over as many hours as the time wants of noon;- 
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keep the j^obe in this position, then the flat ^d of a 
pencil being placed on any star on the globe, so as 
to point towards the centre, the other end will p<HBt 
to that particalar star in the heavens. 



PROBLEM Vt 

7%6 months dag^ and hour of the day at a place 5e- 
ing giVen, to find what stars are rising^ a^ting^ 
mdminaHng, ^ 

RUL£. 

Elevate the pole for the latitude of the place, bring 
tile sun's place in the ecliptic to the brass meridian^ 
and set the index of the hour circle to 12; then, if the 
time be after noon, turn the globe westward on itM 
axis till the index has passed over as many hours as 
tlie time is past noon; but, if the time be before noon 
twn the slobe eastward till the index has passed over 
as many hours as the time wants of noon; keep the 
globe in this position; then, all the stars along the 
eastern edgt^ of the horizon will be rising at the given 
place, those along the western edge will be setting, 
those under the brass meridian above the horizon will 
be culminating, those above the horizon will be visi- 
ble, and those below the horizon will be invisible. 
If the globe be turned on its axis from east to west> 
those stars which do not descend below the horizon 
never set at the given place; and those which do nol 
ascend above the horizon never rise. 



14* 
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EXAMPLES* 



t. On the 21 st of October, when it is 7 o^clock ia 
the evening at Philadelphia, what stars are rising, 
what stars are setting, and what stars are culmina- 
ting? 

•9n9. Menkar in Cetus is rising; CapeUa a little 
above the eastern edge of the horizon; beneb on the 
meridian; Arcturus a little east of the western edge 
of the horizon; Antares in the Scorpion, setting, &c. 

SL On the I6th of January, when it is 3 o'clo*ek ia 
the morning at Baltimore, what stars are rising, what 
stars are setting, and what stars are culminating? 

Ans. Deneh is rising; Dubhe culminating; Auxmak 
in Andromeda setting, &c. 

3. On the 10th of November, when it is 10 o'clock 
in the evening at Washington, what stars are risings 
what stars are setting, and what stars are culmina- 
ting? 

4. What stars never set at Paris, and what stara 
never rise at the same place? 

5. How far northward must a person travel from 
New- York to lose sight .of Antarea} 

6. How far southward must a person travel froia 
Mexico to lose sight of Dubh^ 



THE CELESTIAL GLOBE. l^ 



PROBLEM VII. 

7%e mwUhy and day being given^ to Jmd at wluA 
hour of the day any star, or pkmety will riae, cul- 
minate j and 9et at any given place^ 

RULE. 

Elevate the pole for the latitude of the given place, 
bring the sun's place in the ecliptic for the ffiven daj 
to the brass meridian, and set the index or the hour 
circle to 12; then, if the star or planet* be below the 
horizon, turn the globe westward on its axis till the 
star, &c. comes to the eastern edge ot the horizon, 
the brass meridian, and the western edge of the hori- 
zon successively; the hours passed over by the in- 
dex respectively, will show the time from noon, that 
the star or planet rises, culminates, and sets. 

If the star, &c. be above the horizon and east of 
the brass meridian, find the time of culminating, set- 
ting, and rising, in a similar manner; but, if it be 
west of the brass meridian, then you will iind the 
time of setting, rising, and culminating. 

EXAMPLES. 

1. At what time will Areturu9 rise, culminate, anS 
set at Washington, on the 21st of August? 

Ans. It will rise at 45 minutes past 8 o'clock in 
the morning, culminate at 4 in the afternoon, and set 
at 15 minutes past 11 o'clock at night. 



••1^ 



^ 

* The plaaet'i plMe on the globe mutt be determined by Prob. 
IIl.nri>. 
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S. On tiie S5ih of Aiigast, 1B21, the lon^tude of 
Venus was 5 siens 27° 22% and her latitade P 4' N. 
at what time did she rise, culndnftte and set^ at Bal-* 
timore, and was she a morning or an evening star? 

^n8. Venus culminated at 20 minutes oefore 2 
o'clock in the afternoon, set at 15 minutes before Sf 
and rose at 25 minutes before 8. Venus was an 
evening star, because she set shortly after the sun. 

3. At what time will Siritu rise, culminate, and 
set at New- York, on the 25tli of December? 

4. On the 1st of October, 1821, the risht ascen- 
sion of Jupiter was 26 degrees, and his declination 
9° 6' N. at what time did he rise, culminate and set^ 
at Wadiiii^on, and was he a monuBg or «n evening 
star? 



PROBLEM VIIL 

TTie months and day being givtn, to find all those 
stars that rise and set acronjf colly y cosmicallyj and 
heliacally at any givjsn place, 

RULE. 

Elevate the pole for the latitude of the given place* 
Then, 

1. For the acronycal rising and setting. Bring the 
sun's place in the ecliptic to the western ed^ of 
the horizon, and all the stars along the eastern edge 
of the horizon will rise acronjcally, while those 
along the western edfi;e will set acronycallj* 

2. Ihr the comAccS rising and setting. Bring the 
sun's place to the eastern edge of the horizon; and 
aR the s^r» along that edge of the horizon wiU rise 
eosraicall^, while those along the western edge will 
set cosmicallj* 
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S. Ibr the heliacal rising and eetHnf. Screw the 
ouadrant of altitude on the brass meridian over the 
de^ee of latitude, tarn the globe eastward on its 
axis till the sun's place> cuts the quadrant 12 de* 
grees* below the eastern edge of the horizon; then^ 
all stars of the first magnitude, along the same edge of 
the horizon, will rise heliacallj; continue the motion 
of the globe till the sun's place intersects the quad* 
Tant in 13, 14, 15, &c. decrees below the horizon, 
and you will find the stars of the second, third, fourth^ 
&c. magnitudes, which rise heKacallj, at the given 
place on the given daj. Bring the quadrant to the 
western edge of the horizon, turn the globe west- 
ward on its axis, till the sun's place intersects the 
quadrant in a simitar manner as before, and jrou 
will find alt the stars that set heliacallj. 

SXAMPLES. 

1. What stars rise and set acronycally at Wash-* 
ington, on the 1st of January? 

Ana. Castor in Gemini, Betdgueee in Orion, &c 
rise acronycally; and i^ in Bootes, y in Hercules, &c« 
set acronycally. 

2, What stars rise and set cosmicaily at Philadel- 
phia, on the 2nd of June? 

Ane, Jllddfaran, and /9 in Taurus, &c. rise cos- 
micaily; and AreturuBj &c. in Bootes, set cosmi- 
caily. 



* The brighter a <tar is when aboTe the horizon, the less wttl 
the sun be deprossed below the horizon, when that star first be* 
eomes yisible; hence, the heliacal risine and setting of the stars 
will vary according to their different degrees of magnitude and 
brilliancy. According to Ptoleray, stars m die first magnitude are 
teeI^ rising and setting when the sun is 12 degrees below the ho* 
rizon, stars of the second magnitude when the sun is 13 degraes 
below the horizon, stars of the third ma^itude 14 degrees, and s» 
on, reokooing one degree for eaoh magnitude. 
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3. What star of the first magnitude rises heliacallf 
at New- York, on the 25th of June? 

^ns, Aldd)aran^ in Taurus. 

4. What star of the first magnitude sets heliacallj 
at Baltimore, on the 22d of January? 

Ans, Altcdr^ in the Eade. j 

5. What stars rise and set cosmicallj at Dublin^ ^ d 
on the 14th of November? ] 

6. What stars rise and set acronycall j at London 

•& the 27di of April? | 



PROBLEM IX. 

To find the time of the year at which amy given star 
rises or sets acronycaUyj ai a given place. ^ 



nuLs. 



Elevate the pole for the l^ttitude of the g^veH 
place, bring the given star to the eastern ed^e of the 
nortzon, observe what degree of the ecliptic is cut by 
the wedtera edge of the honzon; and, the day of 
the month answering to that degree will show the 
. time when the star rises acronycally, or when it 
begins to be visible in the evening. Bring the 
given star to the western edge of^ the horizon, ob- 
serve what degree of the. ecliptic is cut by the same 
edge of the horizon; and the day of the month an- 
swering to that defi;ree will show the time when the 
star sets acronycally, or when it ceases to'appear is 
the evening. 
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EXAMPLES. 



). At what time does Deneb rise acranycallj at 
Baltimore, and on what day of the year does it set 
acronycally? 

Am, Deneb rises acronycally on the 21 st of May, 
and it sets acronycally on the 22d of March. 

2; On what day of the year does Jlrcfurus rise 
acronycally at Washington, and at what time does it 
set acronycally? 

3. On what day of the year does Aldebaran begin 
to be visible in the evening at Glasgow, and on what 
day does it cease to appear in the evening? 

4. At what time does Procyon in Canis Minor, 
rise acronycally at NewrYork, and on what day of 
the year does it set acronycally? 



PROBLEM X. 



To Jindthe lime of the year at which any given star 
rises or sets cosmtcally, at a given place. 



RULE. 



Elevate the pole for the latitude of the given place, 
bring the given star to the eastern edge of the hori- 
zon, and observe what degree of the ecliptic is cut 
by the same edge of the horizon; the month and da/ 
01 the month answering to that degree, will show 
the time when the star rises cosmically, or when it 
rises with the sun. Bring the given star to the west- 
ern edge of the horizon, and observe what degree of 
-^e ecliptic is cut by the eastern edge; the month 
and day of the month answering to that degree, will 



£3 
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show the time when the star sets cosmically, orwheii i 
it sets at sun -rising. 

EXAMPLES* 

1. At what time of the year does Procyon in Ca* ' 
ms Minor, rise cosmically at W ashington; and, at I 
what time does the same star set cosmically at the ^ 
same place? j 

Jina. Procyon rises cosmically on the ^th of Jul]^, | 
or rises with the sun on that day^ and sets cosmi- 
cally on the &5th of December, or sets at sun-rising ^ 
on that day. 

S» At what time of the year does Regtdus rise 
cosmically at New-York, and at what time does it 
0et cosmically? 

• S. At what time of the year does BeUatrix ift 
Orion rise with the sun at London, and at what time 
does it set at sun-rising? 

# 4. At what time of the year does ^rdurua rise 
with the sun at Philadelphia; and at what time of the 
year will it set, when the sun rises at the same 
place? 



PROBLEM XL 

To find tJieiime of the year at which any given star 
rises or sets hdmcally^ at a givenplace. 

RULE. 

Elevate the pole forihe latitude of the ^yen place, 
and screw the quadrant of altitude on the brass me- 
ritiian over the degree of latitude; bring the given 
star to the eastern edge of the horizon, and move the 
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ciuadrant till it cuts the ecliptic 12* degrees below ' 
the eastern edge of the horizon , if the star be' of the 
first magnitude, 13 degrees if it be of the second 
magnitude, 14 decrees if it be of the third magni- 
tude, and so on: Sie degrees of the ecliptic cut by 
the quadrant will show, on the horizon, the day oS • 
Ae month, when the star rises heliacally. Bring 
the given star to the western edge of the horizon, 
and mo^e the quadrant df altitude till it cuts the 
ecliptic below the western edge of the horizon, in a 
jiimilar manner as before; the d^ee of the ecliptic 
cut by the quadrant will ^ow, on the horizon, wneo 
^e star sets heliacally. 

EXAMPLES. 

1. At what time of the year does .^rcliifti^ rise 
heliacally at Jerusalem, and at what time does it set 
heliacally at the same place? 

•^ns. Arcturus will rise heUacally on the 23rd of 
-October, that is, when* it first becomes visible in th« 
morning, after having been so near the sun as to be 
hid by the splendour of his rays; and, drdurus will 
set heliacally on the 7th of November, that is, when 
it first becomes invisible in the evening, on account , 
of its nearness to the sun. 

% At what* time of the year does Siriua^ or the 
Dog 8tar, rise heliacally at Rome, and at what time 
does it set heliacally at the same place? 

3» What time of the year does Procyon rise helia- 
cally at New- York, and at what time does it set he- 
lia^^ally at the same place? 

4. At what time of the year does Spica rise helia>- 
, cally at London, and at what time does it set helia^ 
cally at the same place? 



- / 



• See the note to Prob. VUf- 
15 



PROBLEM XII. 

To find the diutnal are of any star, or Us continwmte 
above the horizon for any day, at a givenplace. 



Elevate the pole for the latitude of the given place, 
bring the given star to the eastern edge of the hori- 
zon, and set the index of the hour circle to 12; turn 
the globe westward od its axis till the given star 
comes to the western edge of the horizon; the hours 
passed over by the index will be the star's diurnal 
arc, or its continuance above the horizon for any day, 
at the given place. 

EXAMPLES. 

1. What is the diurnal arc oi Regvlus, or its con- 
tinuance abov&the horizon for one day, at New- 
York? 

,5ns. 13 hours 35 minuRs. 

2. What is the diumal arc of Sirivt, at London? 

3. Aldebaran in Taurus rises cosmically at Phila- 
delphia on the Snd of June, does that star set before 
or after the eun od the same day, and how long? 

4. What is the diurnal arc of ^returns at Wash- 



tlie diumal arc of CoptUa at Rome? 
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PROBLEM XIII. 



To find the oblique ascension and descension of any 
star^ and its rising and setting amplitude, at a 
^given place. 



RULE^ 



Elevate the pole for the latitude of the given place, 
• and bring the given star to the eastern edge of the 
horizon; then the degree of the equinoctial cut by 
the same edge of the horizon, will be the oblique as- 
^ cension, and the number of degrees between the star 
and the eastern point of the horizon will be its ri- 
sing amplitude: turn* the globe westward on its axis 
till the given st ar compg to th^ western, edge . of the 
TTorizon, then tHe degree of the equinoctiju cut by 
the same edge of the norizon, will be the oblique de- 
scension and, the number of degrees between the 
star and the western point of the horizon will be its 
setting amplitude. 



EXAMPLES. 



1 . Required the oblique ascension and descension 
of Castor, and its rising and setting amplitude, at 
Philadelphia. 

^ns. The oblique ascension is 78 degrees, oblique 
descension 144 degrees; rising amplitude 45 degrees 



• The star's diurnal arc may here be found, by observing the 
natnber of hours pa^^d over by the iadex^ jdurine this motioa of 
ike (j^lobe on its axis. 
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to the north of the east, and setting amplitude 45 
degrees to the north of the west. 

S. Required the oblique ascension and clescensiott 
of Resutus^ and its rising and setting amplitude, at 
I^ew-iork. 

3. Required the oblique ascension, oblique de- 
9cension, and rising ana setting amplitude of y in 
Leo, at Washington. 

4. Required the rising and setting amplitude of 
Jlrcturus^ its oblique ascension, and oblique desceir« 
9ion, at London. 



PROBLEM XIV. 

!fh find the distance in degrees between any ttD0 
stars, or the angle which they subtend^ as seen by 
ft spectator on As eurlh^ 

RULE. 

Lay the graduated edge of the quadrant of alti- 
tude over the two given stars, so that the divisiom 
marked may be on one of the stars; the degrees on 
the quadrant comprehended between the two stara 
will be their distance, or the angle which they sub- 
tend, as seen by a spectator on the earth. 

EXAMPLES. 

1. What is the distance between ^returns and 
Duhhe? 

Ans. 54 degrees. 

2. What is the distance betwe^a « iix Serpeata-^ 
I9U6, and y in Cygnus? 
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$• What k tile distance between Lyra and Jlft« 
rack? 

4. What i» the distance between Gemma and Jhi- 
tatti? 

5. What is the distance betWeea.aito^ in the tail 
of the Great Bear, and /S in the tail of Leo? 

6. What is the distance between i>en«6 and Mtn- 
ear? 



PROBLEM XV. 

To find the meridian altitude of any star or planet^ On 
any day^* at a given place. 

Elevate the pole for the latitude of the siven place, 
and bring the given star or planet^st piace on the 
globe to the brass meridian; tnen the number of de- 
grees on the meridian, contained between the star 
or planet's place and the horizon, will be the alti- 
tude required. 

KXAMPLES. 

1. W^at is the meridian altitude of Aldebarcn in 
Taurus, at Washington? 

Ana. 6n5'. 

2. What is the meridian altitude of Arcturus^ at 
Paris? 



* It k not requisite to §ive the clay o^ the month, in fituling th« 
meridian altitude of tUe stars, because it is inrariable at the same 
place. 

t The moon or planet's place on the globe must be determued 
by Prob. UI. or IvT 

15* 
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3. What is the meridian altitude of' Capellay at 
Baltimore? 

4. On the 25th of October, 1821, the lon^ tilde 
of Mars was 4 signs 14® 50% and latitude 1** 3jy 
north; what was his meridian altitude at New- 
York? 

5. On the 8th t)f November, 1821,. at the time of 
the moon's passa^ over the meridian of Greenwich, 
her right asceftsion was 31® 14%^ and declination 
17® 27' N.; required her meridian altitude at 
Greenwich. 

6. On the 1st of November, 1821, the right ascen- 
sion of Venus was 17 hours 13 minutes, and de- 
clination 25® 8' south; required her meridian alti- 
tude at Baltimore. 



* The moon's right ascension and deelination at the time of her 
passage over the meridian maj be found thus. 
On the 8th of November, 1821, by the Nauticat Almanac. 

Moon's right ascension at midn^t was 31® 45' deoi. 17® 41/, N. 
do. at noon 24 26 14 40 N. 



Increase in 12 hoart from noon 7 19 S 00; ' 

Then, asl2h. : 7®!^ n llh. 10m. the time of the nooon's 
passage over the meridian : 6® 48'; hence, 24® 2^ -|- 6® 48' ^m 
dl®jl', the moon's right ascension at 10 minutes past 11, -Vndy 
as I2h. : 3°00' :: llh. 10m. : 2® 47'; hence, 14° 4(y -H S*^ fr'' 
Bs 17® 27', the mooa'9 deelioatioii at 10 minutes past 11. 



1 
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PROBLEM XVI. 

Tlie months day^ and hour of the day at any place 
being given j to find the altitude of any atavy and iU 
azimuth* 

RULE. 

Elevate the pole for the latitude of the given place, 
and screw the quadrant of altitude on the brass me- 
ridian over the degree of latitude; bring the sun's 
place in the ecliptic for the given day to the brass 
meridian, and set the index of the hour circle to 
12; then, if the given time be before noon, turn the 
globe eastward on its axin, till the index has passed 
over as many hours as the time wants of noon; but^ 
if the given time be past noon, turn the' globe west- 
ward on its axis till the index has passed over as 
ma^j hours as the time is past noon; keep the globe 
from revolving on its axis, and move the quadrant of 
altitude, till its graduated edge comes over the given 
star; the degrees on the quadrant, comprehended 
between the horizon and the star, will be the alti- 
tude; and the decrees on the horizon, between the 
north or south p<»nt thereof and the quadrant, will 
be the azimuth. 



EXAMPLES. 

1. Required the altitude and azimuth of /3 in Leo 
at Philadelphia, on the 20th of March, at 10 o'clock 
in the eveiyng. 

Ana. The ^titude is 59 desrees and azimuth 4^i 
d^ees fronv&e south towards th6 east 



• . 
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2. On what point of the compass does AUair bear 
at Washington, on the 19th of April, at 3 o'clock in 
the morning; and what is its altitude? 

3 Required the altitude and azimuth of Ardunta 
at Dublin, on the 5th of September, at 8 o'clock in 
Ae evening. 

4. Required the altitude and azimuth of Marhab 
in Pegasus, at Paris, on the 30th of August^ at 9 
o'clock in the' evening. 



PROBLEM XVn- 

7%e tnomth and day of the mmih bemg given, and 
the aUUude of a 9tar at anyplace^ to find the hour 
of the nighty* and the starts azimiUh. 

RULE. 

Blevate th^ pole for the latitude of the given place, 
and screw the quadrant of altitude on the brass me- 
ridian over the degree of latitude, bring the sun's 
place in ' the ecliptic fcur the given day to the brass 
meridian, and set the index oi the hour circle to 12; 
brine the quadrant to that side of the merkiiant on 
whick the star was situated when observed; turn the 
globe westward on its axis, till the centre of the star 
cuts the given altitude on the quadrant; then the 



* If the observation be made in the morning, the hoar can be as 
easilv found by turning the globe eastward on its axis, and the 
namber of hoars passedover bj the index wilt show Ae time from 
nocn^ in the oiQcikiiag» wbea the star has ttie gvreftsilittida. 

/ 
t A star will have the same altitude on both side* of the merf^ 
diains therefore, it is necessary to mention on wfai<f }side of the IM- 
ridiui the star voia akualsdat the tia^^tiiciMena^HmiL 
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kours passed over by the index will show the time 
from noon, when the star has the given altitude, and 
file degree on the horizon intersected by the quad- 
rant, will be the azimuth. 



BXAMPLES. > > 

1. At Philadelphia, on the 20th of March, the 
*tar /3 in Leo, was observed to be 59 degrees above 
the horizon, and east of the meridian, w,hat hour was 
it, and what was the star's' azimuth^ 

^713, It was 10 o'clock in the evening, and -the 
«tar'8 azimuth, was 49J degrees from the south to^ 
wards tfie east. 

2. At Washington, oh the 23rd of October, the 
star Lyra was observed to be 52 degrees above th^ 
horizon, and west of the meridian, what hour was it^ 
and what was the star's azimuth? 

/ 3. At Dublin, on the llth of December, Mirach 

in Andromeda was observed to be 65 degrees above 
the horizon, and east of th« meridian, what hour waA 
it, and what was the star's azimuth? 

4. At Baltimore, on the Ist of January in the 
morning, the altitude of Arctufus was observed t6 
be 44i degrees, and it was east of the meridian, 
what hour was it, and what was the star's mA* 
muthf 
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PROBLEM XVIII. 

7^ month and day of the month being given, and 
the azimuth of a sfar at any place ^ tojind the hour 
of the night, and the starU altitude* 

RULE. 

Elevate the pole for the latitude of the girenplace^ 
and screw the quadrant of altitude on the brass meri- 
dian over the degree oi latitude; bring the sun's place 
in the ecliptic for the given daj to the brass meri- 
dian, and set the index of the hour circle to IS; 
bring the graduated edge of the quadrant to coincide 
with the given azimuth on the horizon, and keep it 
in that position; then, turn the globe westward on 
its axis till the centre of the given star comes to the 
graduated edge of the _quadrAntr^th^ hours passed 
over by the index wiSshow. the time from noon when 
the star has the given azimuth, and the degrees on 
the quadrant, comprehended between the horizoii 
and the star^ will be the altitude. 

JEXAMPLES. 

1. At Philadelphia on the 20th of March, the azi- 
muth of /3 in Leo was observed to be 49i degrees 
from the south towards the east, what hour was it, 
and what was the star's altitude? 

•Sns. It was 10 o'clock in" ihe evening, and the 
star's altitude was 59 degrees. 
, 2. At Washington on the 23rd of October, the 
azimuth of Lyra was 73 degrees from the north to- 
wards the west, what hour was it, and what was the 
star's altitude? 
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3. At Dublin on the 5th of September, the azi- 
ttiuth of n^rciurus was 89 degrees trom the south to- 
wards the west, what hour was it, and what was the 
star s altitude? 

4. At Paris on the 30th of August, the azimuth of 
Markab in Pegasus was 68 degrees from the south 
towards the east, what hour was it, and what was 
the star's altitude? 



PROBLEM XIX. 

The month and day of the month being given, and 
the hour when any known star rUea or^ets, to find 
the latitude of the place. 

RULE. 

Bring the sun's place in the ecliptic for "the ^ven 
day to the brass meridian, and set the index of the 
hour circle to 12; then, if the given time be before 
noon, turn the globe eastward on its axis as many 
hours as the time, wants of noon; but, if the given 
time be past noon, turn the globe westward on its 
axis as many hours as the time is past noon: keep 
the globe from revolving on its axis; efevate or de- 
press the pole till the centre of the given star coin- 
cidest with the edge of the horizon, and the elevation 
of the pole will show the latitude required. 

EXAMPLES. 

1. In what latitude does Menkar in Cetus, rise at 
7 o'clock in the evening of the SI st of October? 
^dns, 40 degrees north. 
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SL Ib what latitude does JireHmts rise at 45 wl- 
Botes ^aat 8 o'eloek in the morning) on the Slst i£ 
August? • ' . 

S. In what latitude does Alamak^ in Andromeda^ 
set at S o'clock in the momingy <Hi the 16th of Ja- 
inarjP 

4. In what latitude dees jUjihaeca, in the noiihem ^ 
Crown, rise at 9 o'clock in the eyemn^, on the 9tb. I 
of February?- ' 



PROBLEM XX. 



The meridian altitude of a known star being given, t» 
find the latitude oftheptace of observation^ 

RULS. ' 

Bring the centre of the given star to. that part of 
ttie brass meridian which is numbered from the equi* 
Itoctial towards the poles; count as many degrees on 
the brass meridian 9 from the star, either towards the 
north or south point of the horizon, according as th^ 
atar was north or south of you when observed ,^ as are 11 
equal to the' given altitude, and mark where the 1 
reckoning ends; then, ^slevate or depress the pole till 
this mark coincides with the north or south point of 
the horizon, and the elevation of the pole will 'riiow 
the latitude. 

EXAMPLES. 

« 1. In what latitude is the meridian altitude of Jtl- 
debar an in Taurus, 6ri degrees above tho soutk 
point of the horizonF 
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Jn$. 38** 53' north. 

^ In what latitude is the meridian* altitude .of 
ArcturtM^ 61 1 degrees above ^e south point of the 
horizon? 

3. Being at sea on the 22nd of 'August 18£1, 1 
took the meridian altitude of AUair^ and found it to 
be 56i decrees above the south point of the horizon; 
required uie latitude of the ship. 

4. In what latitude is the meridian altitude of 
Lyra 80 degrees above the north point of the hori- 
zon? 



niOBLEM XXI. 

» 

The (diitude oftwoknoum stars being givm^ to find 

the latitude of the place. 

9 

RULE. 

Take the complement of the altitude of the first 
given star from tne equinoctial in a pair of compass- 
ed, and, with one foot in the centre of that star, and 
a fine pencil in the other foot, describe an arc; take 
the complement of the altitude of the second star 
from th.e equinoctial as before, and, with one foot 
in the centre of this star, describe an arc to cross 
the former arc; bring the point of intersectTon to 
that part of th)e brass meridian which is numbered 
from the equinoctial towards the poles, and the de- 
gree above it will be the latitude sought. 



16 
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EXAMPLES. 



PROBLEM XXII. 



RULE. 



Bring the star which was observed to be on the 
meridian, to the brass meridian; i^eep the globe from 
revolving on its axis, and elevate or depress the 
pole till the centre of the other given star coincides 
with the eastern or western edge of the horizon; 
then the elevation of the pole will show the lati- 
tude. 



I 



1. In north latitude, I observed ihe alti^de of 
Capella to be 30 degrees, and that of Cosier 49 de- 
grees; what latitude was I in? i 

JlfiB. 40 degrees north. J 

2. At sea in north latitude, I observed the aititude I 
of lA/ra to be 35 degrees, and that of Mair 25 de- 
grees; required the latitude in. 
' 3. In^ north latitude, I observed the altitude of 
Mencar in Cetus to be 60 degrees, and that of M- 
genib in Pegasus 35 degrees; what was the latitude 
of the place of observation? 

4. In north latitude, the altitude of Procvon was 
observed to be 40 degrees, and that of BeUatrix in 
Orion, at the same time, was 64 de^ees; required 
the latitude of the place of observation. 



Two stars being given, the one on the meridian^ and 
the other on the east or westpointofthe horizon^ to ■ 
find the latitude of the place. ' 1 
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KXiWMPLES. 



1. When lAfta was on tire meridian, /3 in Leo was 
setting; required the latitude. 

Ans. S5 degrees north. 

2. W]ien3mrkabm. Pegasus was on the meridian, 
Castor was rising; required the latitude. 

3. When Ar dunes was on the meridian, Procyon 
was setting; required the latitude. 

4. In what latitude is jS in Leo rising, when Aide- 
parcm is on the meridian? 



PROBLEM XXIII. 



77ie latitude of a place, the day of the month, and 
^ two stars that have the same azimuth, being given, 
to find the hour of the night, and the common azi- 
muth. 



RULE. 



- Elerate the pole for iiie latitude of tiie place, and 
screw the quadrant of altitude on the hrass meri- 
dian over that latitude; bring the sun's place in the 
ecliptic for the given day to the brass meridian, and 
set the index of the hour circle ta 12; turn the globe 
westward on its axis, till the two given stars coin- 
cide with the graduated edge of the quadrant "of al- 
titude; the hours passed over by the index will show 
the time from noon, and the degree of the horizon, 
intersected bj the quadrant, will show the common 
azimuth. 



I 
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£XAH7LES« 

1. At what hour at Philadeljphia, on the 10th of 
May, will Arcturus, and ^ in Libra, have the 8am6 
azimuth, and M'hat will that azimuth be? 

nAna. At 10 o'clock in the evening, and the m,- 
muth will be S6 degrees from the south towards the 
east. 

2. At what hour at Paris, on the 16th of August, 
will Lyta and JiUair have the same azimuth, and 
what will that azimuth be? 

3. On the 7th of September, what is the hour at 
"Washington, when Deneb in Cj^us, and GermnM 
have the same azimuth, and what is the azimuth? 

4. On the 19th of Mi^, what is the hour at Lon- 
don, when Dubhe and tlaptUa have the same azi- 
muth, and what HLthe azimuth? 



PROBLEM XXIY. 

The latitude ^ m place j the day rf the months and two 
$tar8 that have the same amttide, toeing given, ta 
find the hour of the night. 

&UL£« 

Elevate the pole for the latitude of the place, and 
screw the Quadrant of altitude on the brass meri- 
dian over that latitude; bring the sun's place in the 
ecliptic for the given day tothe brass meridian, and 
set the index ot the hour circle to 12; turn the globe 
westward on its axis till the two given stars coin- 
Qide with the given altitude on the graduated edg;Q 
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^ the quadrant; the hours passed ofyer bj the index 
will show the time from noon when the two stars 
hare that attitude. 



EXAMPLES.. 

1. At what hour at New- York, on the 22nd of 
August, will Dubhe and Ardurus have each 24 de- 
grees of altitude? 

Am. At 9 a'clock in the evening.* 

2. At what hour at Washington^ on the 17th of 
February, will •/^/(^e&aran m!X^Txvvi%y 9,rk^ Bttdguex 
in Orion, have each 59s degrees of altitude? 

9. At what hour at Dublin, on the £2nd of De-^ 
cember, will Procyon and Mioth have each 28 de*^ 
grees of altitude? ^ 

4. At what hour at London, on the I6th of No- 
vember, will Mgenib in Pegasus, and Algol in Per- 
seus, have each 53 degrees of altitude? 



PROBLEM XXV. 

To Jind an what day of the year, any given star 
passes the meridian of any place ^ at anu given 
hour. 

rule; 

Bring the given star to the brass meridian, and set 
the index of the hour circle to 12; then, if the givei^ 
time, be before noon, turn the globe westward on its: 
axia, tiU the index has passed over as many hours as; 
the time/ wants of noon; but, if the given time be 
past noon, tum#the globe eastward on its axis, tilL 
the index has passed over as many hours as the time 

16* 
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is past noon; then, the degree of the ecliptic cut bj 
the brass meridian, will show on the horii&on the daj 
of the month required. 

EXAMPLES. 

1. Off what day of the month does Jircturus come 
to the meridian of Philadelphia, at 9 oMock in the 
evening? 

JSns. On the 7th of June. 

2. On what day of the month, and in what month, 
does AUair come to the meridian of Washipgton^ 
at S o'clock in the morning? 

d. On what day of the month, and in what month, 
does Sirius come to the meridian of Baltimore, at 
midnight? 

4. On what day of the monlh, and in what month, 
does Procyoncome to the meridian of Greenwich^ 
at noon?* 



PROBLEM XXVI. 



The day of the month, ctnd hour <^ the night or morn- 
ing at any place being given, to find what planed 
vml be vi8iole at that hour. 



RULE* 

Elevate the pole for the latitude of the place, bring 
the sun's place' in the ecliptic for the g^ven day to the 



* VVhen the j^iven star comes to the meridian at noon, the vanH 
plaee will be feanduDder the braaa meridian, without turning the 
flobe. 
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brass meridiita, and set the index of the hour circle 
to 12; then, if the given time be before noon, turn 
the slobe eastward on its axis till the index has pass- 
ed over as many hours as the time wants of noon; 
but, if the given time be past noon, turn the globe 
westward on its axis till trie index has passed over 
as many hours as the time is past noon: keep the 
globe irom revolving on its axis, find the planets' 
places on the globe, (by Prob. III. or IV.) and, 
if any of their places be above the horizon, such 
planets will be visible at the given time and place, 

EXAMPLES, 

1. On the 1st of October, 1821, the longitude of 
Venus, by the Nautical Almanac, was 7 signs 12* 
19% and latitude O'' 36' S. was she visible at Wa^- 
ington at 7 o'clock in the evening? 

Ana, Venus was a little above the western ed^e of 
the horizon, nearly in conjunction with u in Libra. 

2. On ^e 1st of November, 1821, the longitudes 
and latitudes of the planets were as follows; were 
any of them visible at New- York at 9 o'clock in the- 
evening? 

LON. LAT. I LON. LAT. 

% OS 23** 22' 1° 33' S. 
h 22 2 2 47 S. 
tt 9 19 15 8. 



S 8s 2* 


9' 


2° 


51' S. 


9 8 19 


27 


2 


6 S. 


^ 4 18 


24 


1 


36 N. 


5'89 26 


44 


2 


55 S. 
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HU)BLEM XXVII. 

To find flow long Fenua rises before the sun, token 
' site is a morning* star, and how long she sets cfter 
the 9un, when she is an evening staty on any gwen 
day, at any given place.. 

RULE* 

Elevate the pole for the latitude of the place; then^ 
if VeDUS be a morning star, bring the sun's place in 
the ecliptic for the ^ven day to the eastern edge of 
the horizon, and set the index of the hour circle t9 
1£; turn the globe eastward en its axis till the place 
of Venus on the globe for the given day (found bjr 
Prob. III. or IV J comes to the eastern edge of 
the horizon, and tne hours passed over bj the index 
^11 show how long Venus rises before the sun; but, 
if Venus be an evening star, bring the sun's place ta 
the western edge of the horizon, and set the index to 
12; turn the globe westward on its axis till tl^e place 
of Venus on the globe, comes to the western edge 
of the horizon, and the hours passed over bj the in- 
dex will show how Ions Venus sets after the sun. 

Note. The same rule will serve for Jupiter, bj 
finding his place on the globe instead of that of Ve- 
nus. 



* When Venus' longitade is less than the sun's longitude, she 
rises before him in the momin g, and is then caUed a rooming star; 
but, when her longitude is ereater than the sun's longitude, dbe 
shines in the eTening after him, and is then oalled aa eveDing star. 
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BXAMPLES. 



1. On the 1st of October, 18£1, the longitude of 
Venus was 7 signs 12** 19', and latitude 0** 36' S.; 
anci on the same day the sun's longitude was 6 signs 
8** 30% or 8i degrees in Libra; consequently, Venus 
was an evening star; how long did she shine after the 
sun set at Washington? 

Ans. Venus shone 1 hour 30 minutes after the sun 
set. 

2. Oh the 1st of May, 1821, the longitude of Ju- 
piter was 14° 41' and latitude 1® 7' S. and of course 
a morning star; how long did he rise before the sua 
at Paris? 

3. On the 1st of April, 1821, the longitude of Ve- 
nus was 11 signs 9,7^ 56', and latitude 1° 29' S. was 
she a morning star, and if sq, how long did she rise 
before the sun at Philadelphia? 

4. On the 25th of February, 1821 , the longitude of 
Jupiter was 11 signs 29** 10', and latitude 1** 7' S. 
was he an evening star, and if so, how long <tid he 
dhine after the sun set at Baltijnore? 



PROBLEM XXVIII. 

To find what atan the moan can edipse^ or mt^e a 
near approach to, or what star* lie in or near her 
path. 

RULE* 

Find the moon's lon^tude and latitude, or her 
right ascension and declination, for several davs to- 
gether^ in the Nautical Almanac, and mark her 
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places on the globe; (by Prbb. ITI, or IV.) then laj 
the quadrant of altitude over these places, and jou 
will see the moon's orbit, consequently, what stars 
Ue in her path. 

» 

EXAMPLES. 

1. What stars were in or near die moon's path, 
on the 11th, ISth, 13th, 14th, and 15th of November^ 
18£1? her Icm^tudes and latitudes, at midnight^ or 
these dajs, being as follows: 

LONGITUDES* LATTTUl^BS. 

nth, 2s £1 ^ 8' 4« 42'. N. 

12th, 3 5 39 4 8 N. 

13th, 3 19 41 3 19 N. 

14th, 4 3 11 . 2 20 N. 

15th, 4 16 14 1 16 N. 

Jins. The stars will be found to be fi in Taurus, s 
in Gemini, y in Cancer,, &c. 

2. On the 16th, 17th, 18th, 19th, and 20th of De- 
cember, 1821, what stars lajln or near the moon's 
path? her right ascension and declination, at mid- 
night, on these dajs being as follows: 

RIGHT ASOENSION. DECLINATION. 

16th, 180^ 30' S? 20' S. 

irth, 191 11 8 48 S- 

18th, 202 5 13 54 S; 

19th, 213 25 18 30 S. 

20th, 225 22 22 24 S, 
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PROBLEM XXIX. 



TTie day of the month being given, to find all those 
places on the earth to which the moon iviU be near- 
s ly vertical on thai day. 



RULE. 

Find the moon's declination in the Nautical Al- 
manac for the given daj, and observe whether it be 
north or south; then, (by the terrestrial globe) mark 
the moon's declination on that part of the brass me- 
ridian which is numbered from the equator towards 
the poles; tiim the globe eastward on its axis, and all 
places that come under the above mark, will have 
the moon nearlj"*^ vertical on the given daj. 

EXAMPLES. 

1. On the 6th of December, 18£l, the moon's de- 
clination at midnight was ^0^ 44' N. over what places 
on the earth did she pass nearly vertical? 

lAns^ The moon was nearly vertical at Surat, Cape 
Blanco, Mecca, &c. 

2. On the 16th of October, 1821, the moon^sdecli- 
natipn at midnight was 27** 6' N. over what places 
did she pass nearly vertical? 

3. To what places of the earth will the moon be 



* On account of the gwitt motion ot the in(!K)n in her orbit, and 
coniequentfy, h considerable increase or decrease of deciii^^tion in 
the course ot 24 hours, tlie solution will differ materially from th« 
truth. 



^ 
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▼ertical, when she has the greatest* north declina- 
tion? 

4. To what places of the earth will the nioon be 
▼ertical, when she has the greatest south 'declina- 
tion? 

PROBLEM XXX. 

■I- • . 

Tojind the time of the moori^s southings or coming to 
the meridian of anyplace, on any giv^ day, 

B.ULE. / 

Eleyate the pole for the latitude of the place, find 
the moon's lonie^itu^e and latitude, or her right as- 
cension and declination, in the Nautical Almanac, 
for the given daj, and mark her place on the gli>be; 
bring the sun's place in tlie ecliptic for the given day 
to the brass meridian, and set tne index of the hour 
circle to 1£; turn the globe westward on its axis till 
the moon's place comes to the meridiaii, and the 
hours passed over bj the index will show the time 
from noon, when the moon comes to the iheridian of 
the place. 

Or, correctly, tvithout the globe. Take the differ- 
ence between the sun and moon's increase of right 
ascension in M hours; then, as £4 hours less thfs 
difference, are to 24 hours, so is the moon's right as^ 
cension at noon, lesst the sun's right ascension at 



• When the moon'* ascending node is in Aries, she will have the 
greatest north and south declination; for her orbit making an ang^le 
of 5i degrees with the ecliptic, her greatest declination wiU be 5^ 
degrees more than the greatest declination of the sun. 

t If the sun's right ascension be greater than the moon's, 34 
hours must be added to the moon's right ascension before vou sab* 
tanet. 



r 
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tkesameinstsnt, tatbe iiv^^f^S ijlie moon's, passage 
over the m^rioiap. 



EXAMPLES. 

1. At what hour an the 5th of November, .1831, 
did tlie moon pass over the meridian of Greenwich? 
the moon's right ascension at noon being 344*^ S3' 
and her declination 5"* 29' S. 

^f%9. By the globe, the moon came to the meridian 
at fifteen minutes past 8 o'clock in the evening. 



By Calculation. 

Sun's right ascension at noon 5th Nov.==14h. 41' 16" 
Do. 6th Nov.= 14 45 15 



Increase in 24 hours, 3 59 



Moon's right ascension a,t noon 5th 

Nov. 1821,= 344° 33' 
Do. 6th Nov. = 357 19 

Increase in 24 hours^ . 1^ 46 =: 

51' 4", hence, 51' 4" — 3' 59^' 47' 5" «'to the 

excess of the moon's motion above the sun's in 24 

hours. 

Moon's right ascension 344° 33', «= 22h. 58' 12" 

Sun's - do. = 14 41 i6 



8 16 56 



Then, as 24h.— 47' 5" : 24h. : : 8h. 16' 56" : 8h. 34' 
the true time of the moon's passage over .the meri- 
dian, agreeing with the Nautical Alihanac. 

17 
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2. At what hour, on the 16th of October, 1821, 
did the moon pass over the meridian of Greenwich; 
her right ascension being 94^ £8% and her declina- 
tion 27** 50' north? 

3. At what hour on the 1st of September, 1.821 , 
did the moon pass over the meridian of Greenwich; 
her right ascension being 208^ 37', and declination 
16*» 31' south? 

4. At what hour, on the 6th of December, 1821, 
did the moon pass over the meridian of Greenwich; 
her right ascension being 32** 4^', and declination 
18^ 8' north? 



t, 
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MISCELLANEOUS EXAMPLES 

4 

xxxRCimre tub 

PROBLEMS ON THE GLOBES. 



1. When it is 8 o'clock in the morning at Paris, 
what is the hour at Washington? 

2. What is the san's longitude and declinatiqu on 
the irth of January? 

3. How many miles make a degree oflongiivMleni 
the latitude of Philadelphia? '^ 

4. When the sun is on the meridian of Philadel- 
phia, what places naw midnight? 

5. What IS the angle of position between London 
and Rome? 

6. On what point of the compass must a ship steer 
from Cape Henry to Cape Clear? 

7. What places of the earth have the sun yertical 
on the 13th of April? 

8. What places of the earth are in perpetual dark- 
ness on the 18th of December? Ana how far does 
tht| sun shine over the south pole? 

9. Where does the sun benn to shine constantly 
without setting on the 9th of May, and in what lati- 
tude is he beginning to be totally absent"^ 

10. On what two days of the year will the sun be 
vertical at Bencoojen? 

11. What is the length of the longest day at 
Washineton? 

12. What day of the year is of the same length as 
thel^thofMayf 
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13. In what latitude does the sun set at 11 o'clock 
on the 1st of June? 

14. How many days in the year dises the sun ride 
and set in latitude 7o degrees -north? 

15. On what two days of the year at Philadelphia, 
is the time of the sun's rising to the tim^of his set- 
ting in the direct ratio of 4 to 3? 

IQ. What day following the 4th of July i& one 
hour shorter than it, at Baltimore? 

17. What is the equation, of time dependent on 
the obliquity of the ecliptic on the 1st of August? 

18. On what day of the year is the meridian alti- 
tude of the sun at Washington equal to 45 dc^ees^ 

19. At what hour will the sun be due east at Phi^ 
ladelphia on the 2dth of May? 

SO. Being at sea on the ]4th of June, I feiHld ti«ei 
sttft'e setting; amplitude to be 29 degrees from the 
west towards the north; required the latitade tiui 
ship was in. 

21. At what hour in^e atfernoon <m the £nd of 
August, is the length of the shadow of any object at 
Washington equal to its height? 

22. What is the sun's aKimutk at New- York on 
the 30th of April, at 8 o'clock in the morning? 

23. Required the duration of twilight at the north 
pole. 

24. When the sun is setting to the inhabitants of 
Baltimore, to what inhabitants of the earth is he the0 
rising? 

25. What inhabitants of the earth have the greatest 
portion of moon light? 

26. Required the latitude and longitude of Dubht^ 
Via the back of the Great Bear. 

27. What is the altitude of the north polar star at 
Mexico? 

28. What is the hour at Paris, when a cane placed 
perpendicular to the. horizon of Philadelphia, on the 



10th of June in the afternoon, casts a shadow equal 
to the length of the cane? 

29. On the 25th <jf August, 1821j the geocentric 
longitude of Venus was 5 signs 27° 22', and latitude 
1^ 4' noiih; Was she a morning or an evening star? 
If a morning star, how long did sh^ rise before the 
sun at Washington; but if an evening star, how long 
did she shine after the sun set? 

SO* Wihat inhabitants of the earth have no shadow 
on the 17th of May, when it is 40 minutes past one 
oVloek in the aftinrnoon, at Philadelphia? 

31. In what latitude is the meridian altitude of 
Pfocyon 57 degrees above the south point of the 
horizon? 
' ^2. Being at sea in north latitude on the 5th of 
June, I observed the altitude of Lyra to be 49 de" 
grees, and that of AUair 9,1 degrees; required the la" 
utude in, and the hour of the night. 

33. What stars never set at Washington, and 
what stars never rise at the same place? 

34. How far northward must a person travel from 
Baltimore to lose sight of Sirlus? 

. 35. On what day of the month, and in what month, 
will the pointers* of <iie Gft-eat Bear be on the meri- 
dian of Washington at 10 o'clock in the evening? 

36. When Lyra was on the meridian, I observed 
that Spica in Virgo was setting; required the latitude 
of the place of obilervation. 

37. VV hat is the sun's greatest meridian altitude 
at Paris? • 

38. What stars rise icronycally at Washington, 
on the 1 1th of February? 

t • 

* The two stars, marked a and /S in the Great Bear, are ealled 
the pointers, heeaase a line drawn thi-ough them, points to the po- 
lar star in the Little Bear; consequently they will both be on the 
neridiaa at the same time. 

17* 
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99. What fltar» rise comicidly at Dirfiitxii, on the 
l^thofAprii? 

40. What stars set hdihtcally^at London, od &e 
4th of JuM 

41. What stats set cosmicallj at Ba)timoie, on 
the 9th of October? 

4S. On what daj of the year does Mdebaran rise 
acronjcall J at Washington? 

4S. On what day of the year does Pracmn begin 
to be risible in the evening at Washingtonr 

44. On what day of the year does Sitiua cease t^ 
appear in the eyening at Baltimore 

45. At what time of the year ^oes Bdkttrix rise 
with the snn at New-York? 

46. At what time of the year does Siritts become 
visible in the morning at Washington, after haring 
been so near the sun as to be hid by the splendor of 
his rays? 

47. At what tijme of the year does^^reftiru^ first 
become invisible 'in ^ evening at Washington, on 
account of its nearness to the sun? 

48. How long does /3 in Loo contmue above the 
horizon, during one revolution of the earth on its axis, 
at Baltimore? 

49. -What is the distance in degrees between 
Segulus and Bubhe? ' 

50. What are the sun's right ascension, oblique 
ascension, oblique descension, a^ensional or de- 
scensional difference, rising amplitude, setting am- 
plitude, and the time of his rising and eetting tft 
Washington^ on the Slst of June? 

51. Required the Antceci jof New- York. 

52. Required the Periceci of Washington, 

5^. Required the Antipodes of O-why-hee. - 
54. Required the time of the moon^s passage over 
the meridian of Greenwich, on the 10th of June, 
1821; her rig^^t ascension being 197*^ 21', and decli- 
nation ll** 1' south. 
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- 5S. There n a place in latitude 19^ 26^ N. which: 
is 1770 geographical miles from Philadelphia, and 
west of it; required tiiat place. ^ 

56. Ax whatrate perliour are the inhid>itants of 
Baltin«ro oarried bj the revoli^oii ok the earth oH 
its axis from west to east? 

57. What inhaUtants of the earth hare the days 
asd nights al wtwys of equal length? 

58. What is the le^gtb of the longest day in lati- 
tude 75'' north? 

59;^ In what latitude north, ifr the length of* the 
longest day 100 days? 

&). On what day of the year does the sun set with- 
out rising for several revolutions of the earth on its 
axis, in latitude 73° north? ^ 

61. How many days in the year doe9 the sun rise 
and set in latitude 81 degrees north? 

62. At what time does day break at Dublin, on 
the morning of the 1st of May? 

63. What star has 1 1 signs P 15' of longitude, 
and 21'' 6' S. latitude? 

64. Being at sea in nor^h latitude, I observed the 
altitude of Ct^eUa to be 57'' 20% and that of Castor 
at the same time, 58° 30' required the latitude in. 

65. Describe a horizontal dial for the latitude of 
Baltimore. 

<66. In what climate is Edinburgh, and what other 
places are situated in the same climate? 
• 67. What is the sun's altitude at Washington on 
the 31st of August, when the sun is setting at Lon- 
don? 

68. Describe a vertical dial, facing the south, for 
the latitude of Washington. 

69. In what latitude is the meridian altitude of 
Cor Hydrse 55 degrees above the south point of the 
horizon? 

?0u Required the oUique ascension and descen- 
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sion of /9 in Leo, and its rising and setting ampli- 
tude, at Washington. 

71. What is the breadth of ^he lOtk north climate^ 
and what places are situated within it? 

72. What is the breadth of the 97th climate, or 
the 3rd within the polar circles? 

73. On the 7th of June^ 1821, the sun's »«riflia& 
altitude was observed to be 81'^ 20' xitfrth of the ob- 
server; required the latitude- 

74. On the 24th of April in the afternoon, the 
sun's altitude was. observed to be 58° 25' and after 
fiili6urs had elapsed, his altitude was 29° 10'; re^* 
quired the latituae, supposing it to be north. 

75. Required the nght ascension and declination 
of /9 in Lepus. 

76. On the 25th of November, when it is 9 o'clock 
in the evening at Wasliington^rwhat stars are culmi* 
nating? 

77. On the 1st of Maj<» 1821, the right ascension 
of Jupiter was 1 6 degrees, and his declination. 4° 46' 
north, was he a morning or an evening star? If a 
morning star, how long did he rise before the sun at 
Washington; but, if an evening star, how long did 
he shine after the sun set? 

78. What is the meridian altitude ofj^gd in th6 
left foot of Orion, at Washington? 

79. On what point of the compass does ArcturtM 
tear at Washington, on the 21st of March, at 9 
o'clock in the evening; and what is its altitude? 

80. At London on the 1 8th of October, the star 
Capella was observed to be 3 1 degrees above the hori- 
zon, and east of the meridian; what was the hour at 
Washington at that time? 

81. At what hour of the night at Washington, on 
the 15th of March, did Regutua bear S. £• by E.? 

82. At what hour at Washington, on the 7th of 
December, will Cantor and Ctpella have the same 
azimuth? 
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83. WKat inhalntantB of the earth have noon, 
when day bredk:s at Washington on the ITth of Jjh 
niiary? 

84. At what hour at Washington, on the 8th of 
January, will Bigel and FoUux^ have each 38 de** 
greefs of altitude? 

ft5. On the 5th of March, 1621, the mootf's decli- 
nation at midnight was 6^ 9' N. over what places on 
the earth did she pass nearly vertical? 

86. In what latitude does the sun begin* to shine 
constantly withont setting, when the inhabitmits of 
Mtexico have no' shadow at noon? 

S7. When the inhabitants of X/On!don begin to haM 
constant day or twilight, what stiars rise heliacally 
at Washington? 

88. When the sun ision the meridian of Washing- 
ton, at the time of the vernal equinox, what stars are 
rising at Canton? 

89. When the sun sets without rising for several 
revolutions of the earth on its axis, at the North 
Cape, 4it what time does day break at Washington? 

90. Are the clocks at Pans faster or sltiw^ than 
those at Washington, and how much? 

91. What inhabitants of the earth have the sun 
vertical, when the Pleiades come to the meridian of 
Ispahan^ at 8 o'clock in the evening? 

9^ What is the moon's longitude, when new moon 
happens on tne S4th of November? 

93. What is the moon's longitude, when fiill moon 
happens on the 11th of September? 

94. In what latitude is the length of the longest 
day, to the length of the shortest, in t^e ratio of 
two to one? 

95. What is the length of the longest night, where 
the sun's least meridian altitude is 10 degrees? 

96. What is the length of the longest day, where 
the sun's greatest meridian altitude is 62 degrees? 
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9r. What is the altitude of the sun at Washing- 
ton, when he is due west on the 10th of June? 

98. At what hour does the sun rise at Washing- 
ton, when constant day or twilight begins at Edin- 
IburgP 

99. When Aldebaran rises with the sun at Wash- 
ington, at what hour wlVMtaif culminate at Lon- 
don? 

100. Calculate the true time of the moon's pas- 
sage over the meridian of Greenwich, on the 6tn o^ 
December, 1821. The moon's right ascension at 
lioon on the 6th of December was d£^ 4)', and on 
tiie rth at noon it was 47^ 50'. The sun's right as* 
eension at noon on the 6th of December was l6h. 51^ 
%'% and on the 7th at noon it was i6h. 55' 25'\ 



MISCELLANEOUS QUESTIONS^ 

DESieKXD roA TBB . 

EXAMINATION OF THE STUDENT- 



1 . What is the figure of the earth? 

2. Who was the first person that demgpstrated^. ^ 
the earth to be an oblate spheroid? Jaa. y^H^f' ^/^U^/(^-^ 

3. How many miles in diameter is the earth? ^ ^ w H 

4. What is tne ratio between the earth's eqmt^ 
rial and polar diameters? J^ 3 ^-^ 2^7 

5. What proofs cau you give that fee earth is 
spherical? 

6. What is the best artificial representation of the 
earth? (^ \lrif^ 

7. In what time does the e^rtii r^volire on its axis 
from west to east? ^^ "^M^, " ^^^ ^ 

8. At what rate ^f hour, are the inhabitants of 
the equator carried from west to east br the revo- 
lutioB of the earth on its axis?.,X^v/<tfi^ /^hL- 

9. In what time d^es the earm travel rouna the 
sun 9 and at what rate per hour? 

10. What is the distance of the earth from the 
sun? 

11. At what time of the year is the earth nearest 
to the sun? 

12. What is the terrestrial globe? 
IS. What is the celestial globe? 

14. What is the axis of the earth? 

15. What are the poles of the earth? 
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16. What is the brass meridian, and how does«it 
divide the globe? 

17. What is a great circle? 

18. What is the equator? 

19. What are meridians? 

£0. What is the first meridian? 

21. What is the ecliptic? 

22. What is the zodiac, and what is its breadth? 

23. How are the ecliptic and zodiac divided? 
24- What are the northern signs? 

25. What are the southern signs? 

26, What is the horizon, and what is the/ distinc- 
tion between the sensible and rational horizon? 

^7* What is the wooden horizon, and how is it 
divided? . ^ 

28. What are the tropics, and at what distance 
Are they from the equator? 

29. What are small ipirjples? 

SO. What are the polar circle^, and where are 
they situated? 

31. What are parallels of lafitude? 

32. What are tne hour circle^ ^. \ 

33. What is the hour circle, and how is it divided? 

34. What is the mariner's compass, and -how is it 
divided? 

35. What is the quadrant of altitude, and how is 
it divided? ^ , 

36. ^hatareth^ cardinal points of the horizon? 

37. What are the cardinal points of the heavens? 
36. What are the cardinal points of the ecliptic? 
39. What is the zenith? 

^ 40. What is the nadir? 

41. What are the equinoctial points? 

42. What ate the solstitial points? 

43. What is the declination of the sun, a star, or 
planet? 

44. What is the latitude of a place? 

45. What is the latitude of a star or planet? 
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' . ■• > . - 

46. What is the pole of a great circle? 

47. tVhatis the longitude of a place?^ 

48. What is the longitude of a star or planet? 
4?. What is the difference of latitude, between two 

places? 

50. What is the difference of longitude between, 
two places? 

51. What are parallels of celestial latitude? 

52. What aYe the colures? 

53. WJiat are azimuth or vertical circles? 

54. What is the altitude of any object in- the hea- 
vens? 

55; What is the azimuth of any object in the hea- 
vens? 

56. What is the amplitude of any celestial object? 

57. What is ihe zenith distance of any celestial 
object? 

58. What is the polar distance of any celesHal ob- 
ject? 

59. V^'hen is a star or planet said to culminate? 

60. What is apparent noon? 
6t. What is true or mean noon? 

6£. What is the equation of time, and upon what 
does it depend? 

63. What is a true solar day? 
64 What is a mean solar day? ■ 

65. What is an astronomical day? 

66. What is a civil day? 

67. What is a siderial day? 

68. W hat is an artificial day? 

69. W-hat is a tropical year? 

70. What is the siderial year? 

71. What do you understand by the precession of 
the equinoxes? 

72. How many different positions of the sphere 
are there? 

73. What is a right sphere, and wl^at inliabitants 
of the earth have this position? 

18 
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74. What 18 a parallel sphere, and what inhabi- 
tants of the earth have this position? 

75. VV hat is an oblique sphere, and what inhabi- 
tants of the earth have this position? 

76. What is a z-one, and how many are there? 

77. Where is the torrid zone situated, and what is 
its breadth? 

78. W^here are the two temperate zones situated, 
and what is the breadth of each? 

79. Where are the two frigid zones situated, and 
what is the extent of each? 

80. What is a clfmate, and how many are there? 
81.. What inhabitants of the earth are called An- 

toeci to each other? 

82. What inhabitants of the earth are called Peri- 
CBci to each otlier? 

83. What inhabitants of the earth are called Anti- 
podes? 

84. What is Ihe right ascension of the sun, or a 
star? 

85. What is the oblique ascension of the sun, or a 
star? 

86. What is the.oblique descension of the sun, or 
a star? 

* 87. What is the ascensional or descensional dif^- 
ference? 

88. What is twilight, and when does it be^n in 
the morning and ena in the evening? 

89. What is the angle of position between two 
places on the globe? 

90. What are rhumb-lines? . 

91. When is a star said to rise and set achronj- 
cally? 

92. When is a star said to rise and set cosmi- 
cally? 

93. When is a star said to rise and set heliacallj? 

94. What is a constellation, and what is its use? 

95. What are planets? 



- 



MISCELLANEOUS QUESTIONS. ' ^07 

96. What are primary planets, and how manj be- 
long to the solar system? 

97. What are secondary planets, and how many 
are there? 

98. What is the orbit of a planet? 
S9. What are nodes? 

100. What is the disc of the siln and moon? 

101. What is the eccentricity of the orbit of a 
planet? 

102. What are the geocentric latitudes and longi- 
tudes of the planets? 

103. What is the transit of a planet? 

104. 'What are the diurnal ana nocturnal arcs de- 
scribed by the heavenly bodies? 

105. What is the solar system, and in what part 
of it is the sun situated? 

1 06. In what time does the sun revolve on his axis, 
and how is it determined? -^ 

i07. What is the ratio between the magnitude of 
the sun, and that of the earth? 

108. Which is the nearest planet to the sun? 

109. What is the distance of Mercury from the 
sun? 

110. In what time does Mercury revolve round 
the sun? 

111. What is the diameter of Mercury? 

112. What is the comparative magnitude between 
Mercury and the earth? 

113. What is the comparison between the light and 
heat which Mercury receives from the sun, and the 
light and heat whicn the earth receives from him? 

114. In what time does Venus revolve round the 
sun? 

1 15. When is Venus a morning star, and when is 
she an evening star? 

1 16. How long is Venus a morning star? 

1 17. What is the distance of Venus from the sun? 

118. What is the magnitude of Venus? 
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1 Id. What is the comparison between the light 
and heat which Venus receives from the sun, and 
the light and heat which the earth receives from 
him? 

120. What is the distance of the moon from the 
earth? 

1^1. What is the length of the periodical month? 

122. W hat is the length of the sjnodical month? 

123. In what time does the moon revolve on her 
axis? 

124. What is the comparative magnitude between 
the moon and the earth? 

125. How much larger does the earth appear to 
^e moon, than the moon does to us? 

126. What is the distance of Mars from the sun? 

127. In what time does Mars revolve round the 
sun, and at what rate per hour? 

128. What is the diajneter of Mars? 

129. What is the magnitude of Mars, when com- 
pared with that of the earth? 

130. Which is thelar^t of all the planets? 

131. What is the distance of Jupiter from the 
sun? 

132. In what time does Jupiter revolve round the 
sun, and at what rate per hour? 

133. What is the comparative magnitude between 
Jupiter and the eartii? 

134. In what time does Jupiter revolve on his 
axis? 

135. How many satellites is Jupiter attended by? 

136. Who discovered the satellites of Jupiter? 

137. What is the best method yet known of de- 
termining the longitudes of places on land? 

138. How are the longitudes of places determined 
by the eciinses of Jupiter's satellites. 

139. What is the comparison between the light 
and heat which Jupiter receives from the sun, and 



ti^ 
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the light and heat ivhich the earth receives from 
him? ■ - 

140. What is the distance of Saturn from the 
sun? 

141. In what time does Saturn revolve round the 
sun, and at what rate per hour? 

142. What is the comparative magnitude between 
Saturn and the ea^rth? 

143. In what time does Saturn revolve on its 
axis? 

144. What is the comparison between the light 
and heat which Saturn receives from the sun, and 
the light and heat which the earth receives from 
him? 

145. How many satellites is Saturn attended by? 

146. Who discovered the sixth and seventh sartel- 
lites oi Saturn, and why are they not called the 
iirst and second, since they are nearer to Saturn 
than any of the rest? 

147. What is the ring of Sal urn , and who dis- 
covered it? 

148. Who discovered the ring of Saturn to be 
double? 

149. What is the general opinio^ respecting the 
nature of the ring of Saturn? 

150. When was Herschel discovered, and by 
whom? 

' 151. What is the distance of Herschel from the 
sun? 

152. In what time does Herschel revolve round 
the sun? 

153. What is the comparative magnitude between 
Herschel and the earth? 

154. How many satellites is Herschel attended 
bv? 

155. Who discovered the satellites of Herschel? 

156. When and by whom was the planet Ceres 
discovered? 

18« 
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15r. What is the diameter of Ceres? 

158. In what time does Ceres perform her revo- 
lution round the sun? 

159. Where is Ceres situated? 

160. \^ hen was the planet Pallas discovered, and 
by whom? 

161. Where is Pallas situated? 

162. When and by whom was the planet Juno 
discovered? 

163. Where is Juno situated? 

164. When and by whom was the planet Vesta 
discovered, and what is its apparent magnitude? 

165. What are comets, and what is tiie cause of 
their taiU? 

166. What are the fixed stars, and why are they 
80 called? 

1 67. What is the number of fixed stars, which 
appear to the naked eye in both hemispheres? 

168. What is the Milky- way xomposed of? 

169. What is the distance of the nearest fixed 
star from the earth computed to be? 

170. Into how many constellations are the stars, 
divided? 

171. How are the stars in each constellation de- 
noted? 

17*^. What is the occasion of an eclipse of the 
sun? , . 

173. What is the occasion of an eclipse of the 
moon? 

174. Are there not more solar than lunar eclipses^ 
and if so, why are there more visible eclipses or the 
moon than of the sun? 

175. How many degrees does the motion of the 
moon exceed the apparent motion of the sun in 24 
hours? 

1 76. At what hour at Baltimore is the sun due 
east at^the time of the equinoxes? 
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177 > How many degrees must I travel westward 
from Baltimore, that my watch may be two hours 
too fast? 

178. What inhabitants of the earth have the days 
and nights always equal, or l"? hours long? 

»79. When have the inhabitants of north latitude 
the longest day? 

180. hen have the inhabitants of south latitude 
the longest day? 

181. When have the inhabitants of north latitude 
the shortest dav? 

182. When nave the inhabitants of south latitude 
the shortest day? 

183. Hhen are the days and nights equal , or 12 
hours each, all over the world? 

1 84. What place has the greatest longitude, the 
least longitude, no longitude, and every longitude? 

185. How many times in the year does the sun 
rise and set at the north pole? 

186. How long does the moon continue without 
setting, above the horizon at the north pole? 

187. How many degrees is the noith polar star 
above the horizon of Baltimore? 

188. How far northward must a person travel 
from Baltimrre, that the altitude of the north polar 
star may increase 10 degrees? 

189. What is the length of the longest day at all 
places situated on the Arctic circle? 

190. On what two days of the year is the sun ver- 
tical at all places situated on the equator? 

191. On what day of the year is the sun vertical 
at all places situated on the Tropic of Cancer? 

192. On what day of the year is the sun vertical 
at all places situated on the Tropic of Capricorn? 

193. How, many degrees southward must a person 
travel from Baltimore, that the altitude of the north 
polar star may decrease 10 degrees? 



SI 2 MISCELLANEOUS QUESTIONS. 

194« Required the sun's declination^ when dark 
night begins at the north pole. 

195. At what rate per nour must a person travel 
westward on the equator , that it mij luwajs be the 
same hour of the day with him? 

] 96. At what rate per hour must a person travel 
eastward on the equator, that the lengtn of the day 
to him may be but six hours? 
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A BASILS 



OVTBX 

LATITUDES AND LONGITUDES 

OV SOXl or TBS 

PRINCIPAL PLACES IN THE WORLD. 



1 



The Lonsitadet are vedBmed firom the meridian o Gfeenwkh Obienr»tory, 



Cornea of Placet, 

Aberdeen, 

Abo, 

Acapulco, 

Achen, 

Adrianople, 

Alb&nj, 

Aleppo, 

Alexandretta, 

Alexandria, 

Alexandria, 

Algiers, 

Alicant, 

Amboj, 

Amiens, 

Amsterdam, 

Annapolis, 

Antigua I. 

Antioch, 

Archan^l, 

Ascension I. 

Athens y 

St. Augustine, 

Babylon, (anc.) 



Country or Sea. 

Scotland, 

Sweden, 

B^exico, 

Sumatra L 

Turkey, 

N.York, 

Syria, 

Syria, 

Egypt, 

Vii^nia, 

Africa, 

Spain, 

W. Jersey, 

France, 

Holland, 

Maryland, 

Carib. Sea, 

Syria, 

Russia, 

South Atlantic, 

Turkey, Eur. 

East Florida, 

Syria, 



Latit u des, 

57* 9'N. 

60 27 N. 

17 ION. 

5 22 N. 

41 ION. 

42 39 N. 
36 11 N. 
36 35 N. 
31 12 N. 
38 45 N. 
36 49 N. 

38 21 N. 
40 33 N. 
49 54 N. 
52 22 N. 

39 2N. 
17 4N. 
35 55 N. 
64 34 N. 

7 56 S. 
38 5N. 
29 58 N. 
33 ON. 



LongUudcM, 

2° 8'W, 

22 13 E. 
101 26 W. 

95 3J E. 
26 28 E. 

73 46 W. 

37 10 E. 
36 15 E. 
29 55 £. 
77 16 W. 

2 12 E. 
30 W. 

74 20 W. 
2 18 E. 
4 51 E. 

76 45 W. 
6i, 9W. 
36 15 E. 

38 55 E. 
14 21 W. 

23 52 E. 
81 40 W. 
42 46 E. 
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THE LATITUDES ANU 



Gurnet ^Placet* 

Basdad, 

BaTtiinore, 

Barcelona, 

Basil or Basle, 

Batavia, 

Bayonne, 

Belfast, 

Belgrade, 

Bencoolen, 

Bergen, 

Berun, 

Bermudas I. N. 

Berne, 

BUboa, 

Bologna, 

Boloene, 

Bombaj I. 

Boston, 

Botany Bay^ 

Bourbon I. N. 

Bourdeaux, 

Bremen, 

Brest, 

Bristol, 

Brun»wick, 

Brunswick, 

Brunswick, 

Brussels, 

Buenos Ayres, 

Cadiz, 

Ca^li&ri, 

Cairo, 

Calais, 

Calcutta, 

Cambridge, 

Cambridge, 

Canary I. 



Country or Sea, 

Syria, 

Maryland, 

Spain, 

Switzerland, 

Java I. 

Franc^e, 

Ireland/ 

Turkey- E. 

Sumatra, 

Norway, 

Germany, 

Atlantic, 

Switzerland, 

Spain, 

Italy, 

France, 

India, E. 

Massachusetts, 

New Holland, 

Indian Ocean, 

France, 

Germany, 

France, 

England, 

Germany^ 

Maine, 

New 'Jersey, 

Netherlands, 

S. America, 

Spain, 

Sardinia I. 

Egypt, 

France, 
Bengal , 
England, 
Massachusetts, 
Canary Is. 



hatitndet. 

W20'N. 
39 SON. 

41 26 N. 

47 34 N. 
6 H S. 

43 29 N. 
54 43 N. 

45 dN. 
3 49 S. 

60 23 N. 

52 32 N. 
32 35 N. 

46 57 N. 

43 26 N. 

44 30 N. 

50 43 N. 
18 56 N. 

42 23 N. 
34 S. 
20 51 S. 
44 50 N. 

53 5N. 

48 23 N. 

51 28 N. 

52 25 N. 

43 52 N. 
39 39 N. 
50 51 N, 
34 35 S. 
36 31 N. 
39* 25 N. 
30 3N. 
50 57 N. 
22 35 N. 
52 13 N. 
42 23 N. 
28 13 N. 



LongUudet, 

44*»23' E. 

76 43 W. 

2 12 £. 

7 §5 E. 

106 52 E. 

1 29W. 
5 57 W. 

21 20 E, 
102 3 £. 

5 12 £. 
13 23 E. 
64 28 W. 

7 26 E. 

2 47 W. 
11 21 E. 

1. 36 E. 

72 54 E. 

71 OW. 

151 20 E. 

55 30 E. 

35 W, 

8 49 E. 
4 SO E. 
2 35 VV. 

10 31 E. 
69 59 W. 
74 18 W. 
4 21 E. 
58 24 W. 

6 17 W. 

9 68 E. 
17 
50 



31 
1 



E. 
E. 
£. 
E. 

71 7 W. 
15 39 W. 



88 28 
5 



LONGITUDES OP PLACES. 

» 
Mimea of Placet, Country or Sea. 

Candi, Ceylon, 

Candia, Candj I. 

Canton, China, 

Cape Clear, reland, 

— Finisterre, Spain, 

— St. Vincent, Portugal, 

— Blanco, Africa, 

— Verd, do. 
~ Siera Leon, do. 

— Good Hope, do. 

— Comorin, Hindoostan, 

— Cod,(iigh^ Massachusetts, 

— Charles, Virginia, 

— Hatteras, ' N. Carolina, 

S. America, 
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— Horn, 

— Blanco, 
*— Farewell, 

— Henrj, 
.— May, 

Cartha^ena, 

Carthagena, 

Charleston, 

Christiana, 

Conception, 



Peru, 
Greenland, 
Virginia, 
New-Jersey, 
Spain, 

Terra Firma, 
South Carolina, 
Norway, 
S. America, 



Constantinople Turkey, 
Copenhagen, Denmark, 
Corinth, 



Cork, 

Cracow, 

Cusco, 

Damascus, 

Dardanelles, 

St. Domingo, 

Douglas, 

Dover, 

Dresden, 

Drontheim., 



Turkey, 

Ireland, 

Poland, 

Peru, 

Sjrria, 

Turkey, 

Hispaniola, 

Isle of Man, 

England, 

Germany, 

Norway, 



Latitudes, 


Longitiidea. 


7*'45'N. 


80^46' E. 


35 19 N. 


25 18 E. 


23 T-N. 


113 16 E. 


51 18 N. 


9 30 W. 


42 53 N. 


9 18 W. 


S7 ^N. 


9 2W. 


20 55 N. 


17 10 W. 


14 47 N. 


17 33 W 


8 SON. 


13 9W. 


34 29 S. 


18 23 E. 


8 4N. 


77 34 E. 


42 5N. 


70 14 W. 


37 12 N. 


76 9W. 


35 12 N. 


75 5W. 


55 58 S. 


67 26 W. 


3 45 8. 


83 OW. 


59 38 N. 


42 42 W. 


36 57 N. 


76 19 W, 


39 4N. 


74 54 W. 


37 37 N. 


1 1 W. 


10 26 N. 


75 21 W. 


32 50 N. 


80 1 W. 


59 55 N. 


10 48 E. 


36 43 S. 


73 6W. 


41 IN. 


28 55 E. 


55 41 N. 


12 35 E. 


37 54 N. 


22 54 E. 


5t 54 N, 


8 28 W. 


50 UN. 


19 50 E. 


12 25 N. 


73 35 W. 


33 16 N 


36 20 E. 


30 ION. 


26 26 E. 


18 SON. 


69 46 W. 


54 7N. 


4 38 W. 


51 8N. 


1 19 E. 


51 3N. 


13 41 E. 


63 23 N. 


10 22 E. 




S16 THE LATITUDES AND 

Manet of Placet. Country or Sea. Lati^iudeo. Longiindee. 

Dublin, Irehmd, 5S^22'N. G^irW;. 

BastCape, New Zealand, 37 44 S. 178 58 BL 

Eddjstone light England , 50 7 N. 4 £5 W* 

Edinburgh, Scotland, 55 57 N. S 12 W* 

Exeter, Eneland, 50 44 N. 3 34 W. 

False Cape,' .Delaware, 38 S8N. 75 9^W. 

Fajettviftc, N Carolina, 35 11 N.. 78 50 W. 

Fez, Africa, 33 31 N. 5 W, 

Florence, Ital^, 43 46N. 11 2 E. 

France, I. Indian Ocean, SO 27 N. 57 15 E. 

^fS^inf? fi«™^J^' ^0 «N. 8 35 R 

Funchal, Madeira, 32 38*N. 16 56 W. 

6alway» Ireland, 53 lON. 10 1 W. 

Geneva, Switzerland, 46 12N. 6 8 B. 

Genoa, Italy, 44 £5 N. 8 50 B. 

Georgetown, Columbia dist. 38 55 N. 77 14W. 

St Geo.'s town, Bermudas L 32 22 N 64 33 W. 

Ghent, Netherlands, 51 3 N. 3 43 B. 

Gibraltar, Spain, 36 5 N. 5 4W. 

Glasgow, Scotland, 55 52 N. A 15 W. 

Goa,- Malabar, 15 28 N 73 59 B. 

Gottenburg, Sweden, 57 42 N. 11 57 E. 

Gottlngen (ob ) Germany, 51 3SN. 9 54 B. 

Greenwich (ob.) Englancl, 51 28|N. 

Guadaloupe, West-Indies, 15 59 N. 6( 59 W. 

Hague, Holland, 52 4 N. 4 17 B« 

Hafifax, Nova Scotia, 44 44 N. 63 36 W. 

Hamburg, Germany, 53 34 N. 9 54 E. 

Hanghoo, China, 30 25N.I2Q 12 £. 

Hanover, Germany, 52 22N. 9 45- E* 

Hartford, Connecticut, 41 50 N. 72 35 W. 

Havana, Cuba I. 23 12 N. 82 I8W. 

Havre de Grace France, 49 29 N. 6 E. 

Hervey's I. Society Isles, 19 17 S. 158 56 W. 




LONGITUDES OF PLACES. 



fiir 



Mmm^Plac^* Cowary 9r Sea. JjoHtudes. LongHudtB, 

H^lThead, Wales, 530£3'N. 4M5'W. 

Hull, EnglaHd, 5S 48 N, SS W. 

Jackfloa (Port) New Holland, 3S 52 S.151 14 B. 

at. Jago, Caba I. 19 55 N. 75 S5 W. 

lee Cape, Nova Zembla, 75 SO N. 67 30 B. 

Jeddo, Japan la. 36 30 N. 140 E. 

^'^iL^*'! Eng. Channel, 49 13N. 2 12W. 

£Tiia, 31 45 N. 35 20 E. 

Newfoundland, 47 32 N. 52 26 W. 

Persia, 32 25 N. 52 50 E. 

Isthmus of Oarlen joins North and South America« 
]bthiaus of Suez joins Africa to Asia. 



Jemsalem, 
St Jdin's» 
Ispahan, 



Kamtsduitka, 

Kilkeiitty, 

Kingston, 

Kinsale, 

Xomngsberg, 

Lanoister, 

Lancaster, 

Lands End, 

Le^orsi, 

Lexington, 

Leydea, 

Lima, 

limerick, 

Lisbon, 

Liverpool, 

Lizard, 

London, 



Sibei 



56 60 N. 161 B. 

52 37 N. 7 15 W. 

18 15 N. 76 44 W 

51 32 N. 8 38 W. 

54 43 N. 21 35 B. 

54 4 N, 2 50 B. 

Pennsylvaam, 40 ^ N. 76 20 W. 

England, 50 6 N. 5 54 W. 

43 33 N. 10 16 E. 

37 59 N. 84 46 W. 

^2 8 N. 4 28 E. 

12 2 S. 76 50 W, 



ina, 
Ireland, 
Jamaica L 
Ireland, 
Prussia, 
England, 



Itoly, 

Kentucky, 

United Prov* 

Peru, 

Ireland, 

Portugal, 

Englwd, 

England, 

England, 



Londondeiry, Irduind, 



Lyons, 
Madeira I. > 
Fttnchal,> 
Madras, 
Madrid, 
Migorca I. 



France, 

Atlantic, 

India, 
Spain, 



52 83 N. 
38 42N. 

53 22 N. 
49 57 N. 
51 31 N. 

54 59 N. 
45 46 N. 



8 42 W. 

9 9W. 
2 57 W. 
5 13 W. 

6 W. 
7 15 W. 
4 49 E. 



Mediterrannn, 39 35 N* 2 
19 



32 38 N. 16 56 W. 

13 5 N. 80 25 E. 
40 25 N, 3 38 W. 

30 E. 



^■ 
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Malacca^ 
Malta I. 
Marietta^ 
Marseilles, 
Martinico I. > 

Fort Royal, 5 
Mecca, 
Mexico^ 
Milan, 
Minorca^Port 

Mahon, 
Montpelier, - 
Montreal, 
Morocco, 
Moscow, 
Nankin, 
Nantes, 
Nantucket, 
Naples, 
Newcastle, 



THB LATITUDES ANB 



Country w Sea, 

E. India, 

Mediterranean, 

Ohio, 

France, 

W* Indicia, 

Arabia, 

N. America, 

Italy, 

Mediterranean, 

France, 

Canada^ 

BarWy, 

Russia, 

China, 

France, 

Nantucket L 

Italy, 

England, 



S"* 12'N. 

35 54 N. 
39 8 N. 
43 18 N. 



102*^ W R 
14 28 E. 
81 38 W. 

5 22 e: 



14 36N, 61 low. 
40 15 £• 

100 r w. 

9 14 E. 

3 54 E. 



21 45 N* 
19 54 N. 
45 28 N« 



39 51 N. 



New-Orleans, Louisiana, 
New-York,* New- York, 



Niagara, 

Norfolk, 

North Cape, 

Oporto, 

L'Orient, (port) France, 

Otaheite, S. Pacific Ocean 



New-York, 
Virsinia, 
La^and, 
Portugal, 



Owhyhee, 

Palemo, 

Palmyra, 

Panama, 

Paris (obs.) 

Pekin (obs.) 

Pensacola, 

Petersburg, 

Philadelpnia, 



do. 

SiciljrL 
Arabia, 

Mexico, 

France, 

China, 

W.Florida, 

Russia, 

Pennsylvania^ 



43 37 N. 
45 33 N. 
Sf ON. 
5S 45 N. 

32 5N. 
47 13 N. 
41 18 N. 
40 50 N* 
55 3N. 

29 58 N. 

40 42 N. 
43 16 N. 
36 55 N. 
71 30 N. 

41 ION. 

47 45 N. 

17 20 S. 

18 54 N. 

38 7N. 

33 58 N 
8 58 N. 

48 50 N. 

39 54 N. 

30 30 N« 
59 56 N. 
39 57 N. 



3 52 E. 

73 18 W. 

7 4W. 

37 46 E. 
118 4^ & 

I 34 W. 

ro 10 w, 

H 17 B. 

1 30 W; 
90 6 W. 

74 1 W. 

79 OW. 
76 22 W. 
25 ^ E. 

8 27 W. 
3 22 E. 

149 30 W. 

155 48 W. 

13 35 B. 

38 42 B. 

80 15 W. 

2 20 B. 
116 27 B. 

87 10 W. 
30 18 E. 

75 14 W. 
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LONGITUDBS Q^ PLAC£S. 

•VoMet 9f Placet, CawUry or Sea, ZaHiudea, 



Pitol. 

Pittsburg, 

Pondicherry, 

Portland, 

Porto Bello, 

Port Royal, 

Portsmouth, 

Potosi, 

Prague, 

Presburg, 

Quebec, 

Quito, 

Rhodes, 

Richmond, 

Riga, 

Rio Janeiro, 

Rochelle, 

Rochester, 



Azores^ 

Pennsylvania, 

East liidia, 

Maine, 

Terra Firma, 

Jamaica, 

England, 

Peru, 

Bohemia, 

Hungary, 

Canada, 

Peru, 

Rhodes I. 

Virginia, 

Russia, 

Brazil, - 

France, 

England, 



Rome f St Pet) Italy, 
Rotteraam, United Proy« 



Rouen, ^ 

Saionica, 

Samarcand, 

Santa Cruz, 

Santa Fee, 

Savannah, 

Siam, 

Smyrna, 

Stockholm, 

Suez, 

Surrinam, 

Syracuse, 



France, 
Turkey, 
W. Tartary, 
Teneriffe I. 
New Mexico, 
Georgia, 
E. India, 
Natolia, 
Sweden, 
Egypt, . 
9. America, 
Sicily I. 



Teneriffe Peak, Canary L 
Tobolsk, Siberia, 

Tornea, Lapland, 

Toulon, France, 

Toulouse, France, 



38*»27'N, 

40 26 N. 
11 56 N. 
43 39 N. 

9 33 N. 
18 ON. 
50 47 N. 
20 S. 

50 6N. 

48 8N. 
46 48 N. 

13 S. 

35 27 N. 

37 35 N. 
56 55 N. 
22 54 S. 
46 9¥. 

51 26 N. 

41 54 N. 
51 56 N. 

49 27 N, 
40 41 N. 
39 35 N 

28 39 N. 

36 54 N. 
32 4N. 
14 18 N. 

38 28 N. 
59 21 N. 

29 50 N. 
6 30 N. 

36 53 N. 
28 15 N. 
58 12 N. 
65 51 N. 
43 7,N. 
43 46 N. 
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LongUudnm 

28 28'W 

80 OW. 
79 5^ E. 

70 28 W. 
79 50 W. 

76 45 W. 
1 6W. 

66 J5W. 

14 24 B. 

17 10 B. 

71 6 W. 
78 low- 
28 45 E* 

77 43 W. 
24 B. 
42 44 W. 

1 10 W- 

30 B. 

12 28 B. 

4 28 E. 
1 5W. 

23 7 E. 
64 20 E. 
16 1^2 W, 

104 30 W. 

81 11 W. 
100 49 E. 

27 7 E. 

18 4 E. 
33 27 B, 
55 30 W. 

15 17 E. 

16 45 W. 
68 19 E. 

24 14 E. 

5 55 E. 
1 26 E, 
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LATITUDES AND LOKGlTUDfiS. 



Cornea of Placet. 

Trent, 

Trenton, 

Trincomale, 

Trip«U, 

Tunis, 

Turin, 

Upsal, 

Utretcht, 

Venice, 

Verm Cruz, 

Versailles, 

Vienna (obs.) 

"U arsaw, 

'Wa.shington, 

IVatertbrd, 

"Wexford, 

Wyburg, 

York, 

York Toi^ 

Zurich, 

Zutphen, 
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Germany, 

New Jersey, 
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Barbary, 

Italy, 

Sweden, 

United Prov. 

Italy, 

Mexico^ 
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Russia, 
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jMiitudet, 

46«» 5'N. 
40 13 N. 

.8 S3N. 
32 54 N. 

36 16 N, 
45 5N. 
59 52 N. 
52 i)N. 
45 27 N. 
19 ION. 
48 48 N. 
48 12 J^. 
52 16 N. 
38 53 N. 
52 12 N, 

52 20 N. 
€0 55 N. 

53 58 N. 

37 14 N. 
47 22 N, 
52 12 N^ 



JLengUudei, 

W 6' E 
74 50 W, 
81 21 E. 
13 20 E. 
10 40 E. 
7 S9 B. 
17 43 B. 

5 9 E. 
12 4 B. 
97 20 W. 

2 7 E. 
16 22 E« 
21 3 B. 
77 13 W. 

7 6W. 

6 24 W, 
30 SO £. 

1 7 W. 
76 36 W. 

8 32 B. 
6 15 R 
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TUS END. 
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